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There are children with autism spectrum disorder (ASD) who are considered minimally 
verbal because they fail to attain spoken language beyond a minimal level by the age of 5. The 
purpose of this study was to explore the effect of a combined intervention program, 
incorporating both communication and speech production strategies, on the spoken language of 
children with ASD who were minimally verbal. This study used a single case design across four 
participants, ages 3 to 6 years, who were diagnosed with ASD and had a spoken vocabulary of 
30 words or fewer. The dependent variable was the production of spoken words by the 
participants, and was measured by their production of preselected target words during each 
session. The independent variable was the combined intervention, consisting of three natural 
teaching strategies (NTS) and three speech production strategies (SPS). The four children 
participated in baseline, treatment, and maintenance sessions in which the treatment strategies 
were withheld or implemented. Visual analysis of the graphed data did not support a functional 
relation between the combined intervention and an increase in spoken language by the four 
participants; however, all of the participants demonstrated an increase in their production of 
spoken words during the treatment phase. Clinical implications for using communication and 
speech production strategies for children with ASD who are minimally verbal are discussed. 
Additionally, a theory is advanced proposing a continuum of communication in which support 
strategies are used, perhaps even long-range, to foster a more interactive communication process 
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Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that is characterized 
by difficulties with social and spoken communication, as well as repetitive and characteristic 
behaviors (NINDS, 2016). Children with ASD are heterogeneous in their spoken communication 
development. Some children are completely nonverbal, producing primarily nonspeech 
vocalizations. Other children are minimally verbal, speaking up to 20 to 30 words (Kasari, 
Brady, Lord, & Tager-Flusberg, 2013). Finally, there are those children with ASD who have 
adequate spoken language, demonstrating a large spoken vocabulary and well-developed 
sentence structures. Of interest to the present study are those children with ASD who are 
minimally verbal.  
Children with ASD who are minimally verbal fail to attain spoken language abilities 
beyond a limited or minimal level by age 5, and represent approximately 25% to 30% of the 
population of children with autism (Paul, Campbell, Gilbert, & Tsiouri, 2013). The emergence of 
spoken language is one of the strongest predictors for better outcomes (e.g., development of 
friendships, work placements, and independent living) in later childhood and adulthood (Howlin, 
Goode, Hutton, & Rutter, 2004; Landa, 2007). Therefore, the treatment of children with ASD 
who are minimally verbal has been widely studied (Brady et al., 2015; Kasari et al., 2013; Paul et 
al., 2013; Prizant & Wetherby, 1987; Schreibman et al., 2015; Wetherby, Watt, Morgan, & 
Shumway, 2007; Yoder & Stone, 2006). 
In neurotypical development, lexical acquisition and phonological development occur 
simultaneously and expand rapidly between a child’s first and second birthday. Lexical 
acquisition refers to the comprehension and production of vocabulary, and phonological 
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development refers to the development of phonemes and syllables to produce words. In the 
literature regarding children with ASD who are minimally verbal, researchers have studied these 
areas separately but not, to this researcher’s knowledge, simultaneously in one child. 
Furthermore, one aspect of development in such children that has not been fully addressed is 
their speech production abilities. Speech production refers to the articulatory movements used to 
produce words, in relation to lexical acquisition and phonological development.  
Researchers have viewed intervention for children with ASD through two separate 
lenses; however, few have examined the benefits of offering both interventions simultaneously. 
One lens has been to improve cognitive and linguistic processes that are linked to lexical 
acquisition abilities (Kaiser, 2012; Kasari, Gulsrud, Freeman, Paparella, & Hellemann, 2012; 
Plumb & Wetherby, 2013; Wilczynski, Rue, Hunter, & Christian, 2012). The other lens has been 
to improve phonological abilities (Brady et al., 2015; Koegel, Camarata, Koegel, Ben-Tall, & 
Smith, 1998; Rogers et al., 2006; Shriberg, Paul, Black, & van Santen, 2011).  
A descriptive case study by Biller (2015) examined six children with ASD who were 
minimally verbal. Although the children in that study demonstrated various profiles, they all 
exhibited limited communication and speech production abilities. Given that delays in these 
areas coincide, one could argue that treatment to improve these areas should coincide as well. 
Therefore, the purpose of the present study was to determine if combining communication and 
speech production treatment strategies for children with ASD who are minimally verbal would 
improve their spoken communication. The research question of the present study was:  
Is there a functional relation between a combined communication and speech production 
intervention and an increase in the number of spoken words in children with autism 




                                                    Literature Review    
This chapter reviews the literature on lexical acquisition and phonological development 
of neurotypical children, to help understand the variability in development of children with ASD 
who are minimally verbal. Additionally, interventions used to improve communication and 
speech production abilities of young children will be examined, in order to lay the foundation for 
the intervention program of the present study.   
Throughout the document, a descriptive-developmental framework will be used to 
consider communication development in children with ASD who are minimally verbal. This type 
of framework uses an in-depth description of a child’s language and compares where he or she is 
in the sequence of typical development (Paul, 2007).  This framework would also be considered 
a medical model approach because it views the language difficulties as residing within the child. 
A glossary of abbreviations used in this document is provided in Appendix A.   
Theoretical Framework 
The theoretical foundation for the present study is eclectic. In regard to spoken language, 
the present study adheres to the concept of the first 50-word stage of spoken language 
development and the lexical-phonological interaction during this stage. Both of these theories 
have underpinnings in cognitive theory (Piaget, 1952) and sociocultural theory (Vygotsky, 1978) 
of language development. What is unique in the present study is applying the concepts of the 
lexical-phonological interaction theory during the first 50-word stage of development, which 
occurs between a neurotypical child’s first and second birthday, to children with ASD who are 
minimally verbal and much older, but still in the same developmental stage. 
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 The lexical-phonological interaction theory advances the notion that the child not only 
acquires a system of sounds (i.e., phonological development) but also vocabulary (i.e., lexical 
acquisition) during the acquisition of the first 50 spoken words, and that one area of development 
affects the other (Ingram, 1989; Schwartz & Leonard, 1982; Stoel-Gammon, 2011). Associated 
with spoken language are the articulatory movements used to produce words, which can be 
explained by the development of consonant repertoires (Oller, 1980, 2000; Kent, 1999).  
The overarching theory guiding the combined intervention of the present study is related 
to speech and language attunement. Speech perception studies have indicated that infants prefer 
listening to familiar sounds and pay greater attention to language which is familiar. Infants 
become more selective in what they listen to and their speech perception abilities gradually 
become “tuned in” to their native language (Bleile, 2004; Mattocka, Molnar, Polka, & Burnham, 
2008; Werker & Tees, 1984). Social interactions may allow speech and language development 
specifically because infants and children are attuned to input from these domains in the world 
them. Therefore, sociocultural approaches to speech and language interventions, such as Natural 
Developmental Behavioral Interventions (NDBI), would promote greater growth in these areas. 
Nonetheless, there are instances when small doses of Discrete Trial Training (DTT) would be 
appropriate to focus attention on individual sounds or words, using specific treatment strategies 
(Kasari, Freeman, & Paparella, 2006; Paul et al., 2013).  
Spoken Language Development in Neurotypical Children  
Spoken language requires foundational abilities in systems such as cognition, language, 
auditory discrimination, phonation, coordinated oral motor movements, and speech sound 
production (Stoel-Gammon, 2011). Children with ASD who are minimally verbal by definition 
are in the developmental language phase of the first 50 spoken words. In order to understand 
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interventions for improving spoken language in children with ASD, one must understand the 
development of these abilities in neurotypical children. The areas of development that will be 
explored are lexical acquisition, phonological development, and speech production development. 
Lexical acquisition. The first aspect of spoken language development addressed here is 
lexical acquisition. The link between lexical acquisition and phonological development in 
children has been documented in the literature (Ingram, 1989; Schwartz & Leonard, 1982; Sosa 
& Stoel-Gammon, 2006; Stoel-Gammon, 2011). Studies have determined that children with 
typical language development learn from 9 to 11 new words per month during the acquisition of 
their first 50 words spoken words (Benedict, 1979; Nelson, 1974). Until the child learns to speak 
50 spoken words, his or her vocabulary is small and has been reported to grow slowly (Benedict, 
1979; Nelson, 1974).   
Children begin saying their first words at approximately 12 months of age, and their 
vocabulary begins to expand rapidly. Children have well over 200 spoken words by age 2 and 
1,000 words by age 3 (Nicolosi, Harryman, & Kresheck, 2006). Nevertheless, there is variability 
in word learning based on cross-cultural and socioeconomic (SES) factors (Fenson et al., 1994; 
Hart & Risely, 1975; Hoff, 2003; Hoff & Naigles, 2002; Pan, Rowe, Singer, and Snow, 2005; 
and Rowe, 2012). Based on a cross-sectional parental report study of more than 1,800 middle-
class infants and toddlers, Fenson et al. (1994) found variation in vocabulary growth.  By 30 
months of age, children at the 10th percentile produced 250 to 350 words, children at the 50th 
percentile produced over 500 words, and children at the 90th percentile produced approximately 
650 words.  
Fenson et al. (1994) theorized that variation in development could reflect differences in 
the age at onset of vocabulary acquisition or differences in the rate of growth. Linguistic factors 
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can also influence lexical acquisition. Some of the linguistic factors that influence lexical 
acquisition, which will be critical later when determining interventions for clinical populations, 
include: (1) the child’s comprehension vocabulary, and (2) the semantic category of a word.  
Comprehension vocabulary.  Comprehension of the first 50 spoken words develops 
earlier and more rapidly than production, with comprehension being attained 5 months prior to 
production in classic studies of vocabulary development (Bates, Bretherton, & Snyder, 1988; 
Benedict, 1979). This concept implies that children may comprehend words although they may 
not verbally imitate or spontaneously produce them.  Thus, words may exist in children’s 
comprehension vocabulary, but not in their production vocabulary.  Moreover, comprehension of 
vocabulary is important during the period in which spoken language is still minimal (Bates et al., 
1988).  
Semantic category. The types of words (i.e., semantic categories) appear to follow a 
prescribed progression in typical development.  Nelson (1974) states that children acquire words 
in semantic categories, which are listed as follows by their order of acquisition in English: 
general nominals (e.g., naming); actions (e.g., verbs); modifiers (e.g., hot, cold, red); personal 
social words (e.g., yes, please, ouch); and function words (e.g., what, is, for).  The two largest 
categories during typical lexical development in English are general nominal words, which are 
usually general nouns; and action words, which are usually verbs (Benedict, 1979). English-
speaking children learn nouns easier than verbs (Childers & Tomasello, 2002; Gentner & 
Boroditsky, 2001; Schwartz & Leonard, 1984) The noun-bias is not unique to English language 
learners as children learning Spanish, Dutch, French, Hebrew, and Italian have been reported to 
have a greater proportion of nouns than other words classes (Bornstein & Corte, 2004). 
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Phonological development.  The second aspect of spoken language development 
considered here is phonological development. During the acquisition of the first 50 spoken 
words, consonants appear to be an integral, inseparable part of each word in which they are 
learned. It is not until the next stage of development that a child develops a productive sound 
system, in which he or she is able to use consonants with different vowels in different words 
(Bleile, 2004, p. 99; Ingram, 1989, p. 23). In this early stage, phonological acquisition is gradual 
and fluctuates until a phoneme is learned to a 90% level of mastery (Dyson, 1988; Ingram, 
1989). Furthermore, vocabulary size and phonological abilities appear to be proportional (Stoel-
Gammon, 2011): If a child has a large vocabulary, he or she will have a well-developed sound 
repertoire. Conversely, if a child has a limited vocabulary, he or she will have a limited sound 
repertoire at his or her disposal.  
Children develop articulatory and phonatory movements to produce words as 
recognizable adult forms. Phonological development has two components: (1) a biological 
component, which consists of the development of oral motor abilities needed for the adult 
pronunciation of words; and (2) a cognitive-linguistic component, which consists of learning the 
phonological system of a language (Stoel-Gammon, 2011; Sosa & Stoel-Gammon, 2006). 
Lexical acquisition was examined in the previous section of the present document, so the 
discussion now turns to the biological component (e.g., articulatory and phonatory movements). 
Phonological factors that influence lexical acquisition, which later will be critical to determining 
intervention programs for clinical populations, include: (1) the child’s existing consonant 
repertoire; and (2) the phonetic complexity and syllable shape of a word.  
Existing consonant repertoire.  Children have been shown to more easily acquire new 
words that incorporate consonants from their existing consonant repertoire (Brady et al., 2015; 
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MacRoy-Higgins, Schwartz, Shafer, & Marton, 2013; Stoel-Gammon, 2011). Stoel-Gammon 
(2011) posits that “phonological ability has been shown to influence lexical acquisition and the 
nature and structure of the lexicon has been shown in turn to influence phonological 
development” (p. 2). Conversely, children’s speech sound repertoire may expand or change to 
accommodate a newly learned vocabulary. Nevertheless, “the phonological system affects lexical 
acquisition to a greater degree than lexical factors affect phonological development” (Stoel-
Gammon, 2011, p. 27).  
Phonetic complexity and syllable shape.  In addition to deploying their consonant 
repertoire in new words, children more easily acquire new words that have more common 
phonological patterns (Storkel, 2001). Phonetic complexity can be measured in many different 
ways; one method being the Index of Phonetic Complexity (IPC; Jakielski, 2002). IPC helps to 
explain how children acquire new words based on ease and complexity of speech sound 
production at the word level (MacNeilage & Davis, 1990a).    IPC can also be used to design 
intervention programs for clinical populations, in order to develop their lexical acquisition and 
speech production abilities (DeThorne, Betancourt, Karahalios, Halle, & Bogue, 2014; Morris, 
2009).  
IPC consists of a scoring system for target words in which points are awarded for more 
complex types of speech production. The point system examines eight features of a word: place 
of articulation, manner of articulation, vowel class, word shape, word length in syllables, place 
variegation (i.e., consonants in the word that are articulated at different places in the mouth), 
presence or absence of a consonant cluster, and consonant cluster type. A lower IPC value of a 
word indicates it has a more common phonological pattern. Conversely, a higher IPC value of a 
word indicates it has a less common, more complex phonological pattern. For example, the word 
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horse has an IPC value of 4 because 1 point is awarded for vowel type (i.e., “or” is an                 
r-controlled vowel), 1 point for word shape (i.e., the word ends with a consonant), 1 point for 
variegated singleton consonants (i.e., the word has /h/ and /s/, which are produced in different 
places in the mouth), and 1 point for manner of articulation (i.e., the word has /s /, which is a 
fricative and presumably more difficult to produce that other consonants).  
Among the earliest syllable shapes produced by children are consonant-vowel (CV; go), 
consonant-vowel-consonant-vowel (CVCV; kitty), vowel-consonant (VC; eat), and consonant-
vowel-consonant (CVC; dog) shapes (Ingram, 1989, p. 19).  Additional syllable and word shapes 
found in the children’s early vocabulary include: V (eye), CCVC (block), CV-CVC (towel, 
tickle), CVCC (hand, dance), or CV-CVCC (bubbles).  
Speech production development. The third aspect of spoken language development 
reviewed here is speech production development. Recall that speech production refers to the 
articulatory movements used to produce words, in contrast to lexical acquisition and 
phonological development.  
Development of prelinguistic vocalizations. Kent (1999) and Oller (1980, 2000) devised 
developmental sequences of vocal production prior to a child’s first spoken word. These 
vocalizations have often been called prelinguistic vocalizations, which are vocalizations that are 
not true words. Kent and Oller’s models include phonatory control, production of single 
consonants, consonant-vowel (CV) combinations, strings of reduplicated and variable CV 
productions (e.g., babbling), and single words. These models include phonatory control, 
production of single consonants, consonant-vowel (CV) combinations, strings of reduplicated 
and variable CV productions (e.g., babbling), and single words. Oller (2000) describes four 
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general categories of human vocalizations: (1) vegetative sounds, which include coughing, 
sneezing, and reflexive grunts; (2) fixed vocal signals (cooing), which include laughing, crying 
moaning, and sighing; (3) protophones, which include quasivowels, cooing, fully resonant nuclei 
(recognizable, full vowels), raspberries, marginal babbling, and canonical babbling (for a 
description of each type, see the ensuing paragraph); and (4) speech, which includes “jargon” 
(i.e., pretend words), real words, sentences, and singing. Of interest to this study are 
protophones, which are precursors to the adult form of speech production. 
The development of protophones is divided into four distinct stages (Oller, 2000):          
(1) phonation; (2) primitive articulation; (3) expansion; and (4) canonical (syllables).  During the 
phonation stage (birth to 2 months), babies produce vegetative sounds and fixed vocal signals 
such as cries. In addition, control of the vocal tract (e.g., phonation or phonatory control) begins 
to occur in this stage. During the primitive articulation phase (1 to 4 months), babies gain further 
control of their vocal tract, while moving it to produce “cooing” sounds. During the expansion 
stage (4 to 6 months), which is sometimes called “vocal play,” babies produce a variety of new 
sounds such as raspberries, squeals or pitch glides, growls, yells, whispers, fully resonant nuclei 
(i.e., recognizable vowels), and marginal babbling (i.e., beginning babbling, where the consonant 
in the repeated syllables is a glide such as /w, j/ or “w” and “y”; Oller, 2000). During the 
canonical stage (7 to 10 months), infants exhibit controlled productions of well-formed syllables, 
known as canonical babbling. The canonical stage represents a turning point in infant speech 
production insofar as the infant produces mature phonetic sequences (syllables) that often 
become the foundation for words (Oller, 2000).   
Development of consonant repertoires. Kent (1999) offers a model for consonant 
production from a synthesis of previous studies related to infants’ and toddlers’ phonetic or 
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consonant inventories. He contends that from 8 to 18 months of age, children, on average, 
produce six of the following nine phonemes: /t, b, d, g, m, n, h, w, l/ (Kent, 1999, Stoel-
Gammon, 1985). The production of these phonemes occurs mostly in the initial syllable position.  
By 18 to 25 months of age, the phonetic inventory grows to about 10 to 20 consonants, which are 
produced in syllables. Stoel-Gammon (1985) found that children start with three consonants /b, 
d, h/ in their phonetic inventory at age 15 months, which increases to 11 consonants /t, k, b, d, 
g, m, n, f, s, h, w/ by age 24 months. Additionally, development of phonetic inventories can 
also be viewed by the position of the word in which the phonemes appears. By 24 months of age, 
children tend to develop more consonants in the initial position of words than in the final 
position (Bleile, 2004; Dyson, 1988; Stoel-Gammon, 1985). 
Developmental milestones in lexical acquisition, phonological development, and speech 
production are interlinked. By understanding how the three domains follow a typical 
developmental sequence, one can then understand how development varies in clinical 
populations. As a result, intervention programs to target these can be designed.  
A Framework for Spoken Language Acquisition for Children with ASD who are Minimally 
Verbal   
Tager-Flusberg et al. (2009) designed a framework to describe the acquisition of spoken 
language in children with ASD. This framework includes phonological, lexical, grammatical, 
and pragmatic benchmark abilities for speech and language development. The benchmark 
abilities are divided into five phases; however, the present study is only concerned with Phases 
1, 2, and 3. Phase 1, Preverbal Communication, generally corresponds to the age range of 6 to 
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12 months among neurotypically developing children. Some of the children with ASD lack 
production of true consonants or have a limited speech sound repertoire, and would typically not 
be producing true words. With respect to pragmatics, they convey communicative intent by 
producing preverbal vocalizations (e.g., vocal play, babbling, or jargon) and gestures. 
Children with ASD who are minimally verbal and functioning in Phase 2, First Words, 
generally have language abilities that correspond to the age range of 12–18 months in 
neurotypically developing children. They have a consonant inventory of 2 to 8 consonants, 
produce CV and CVC combinations, and produce 2 to 15 spoken words. Children with ASD in 
this phase use occasional, spontaneous, single words referentially and symbolically to 
communicate about objects and events, including those outside the immediate context. Some of 
their speech is intelligible and incorporates the most frequent consonant sounds heard in typical 
babbling such as /p, b, d, m, n, w, j/ (where /j/ corresponds to “y” in English) (Oller, 2000; 
Stoel-Gammon, 1985). With respect to pragmatics, children in this phase use speech with a 
variety of people in different settings to serve a minimum of two communicative functions. 
These functions include labeling, requesting, and commenting on (directing joint attention to) an 
object or activity.  
Children with ASD who are minimally verbal and functioning in Phase 3, Word 
Combinations, generally have language abilities that correspond to the age range of 18–30 
months in neurotypically developing children. They have a consonant inventory of 8 to 18 
consonants; produce CV, CVC, and CCVCC combinations; and produce 10 to 50 spoken words. 
Children in this phase have a vocabulary that is rapidly increasing in size and includes a variety 
of semantic categories (general nominals, actions, and modifiers). With respect to grammar, 
 13 
  
children in Phase 3 are able to combine words creatively to refer to objects and events. 
Regarding pragmatics, two- and three-word combinations are used for several different 
communicative functions. 
By using the benchmark abilities in this descriptive framework, one could determine the 
level of spoken language development of a child with ASD who is minimally verbal. Knowing 
the child’s phonological, lexical, grammatical, and pragmatic abilities can be beneficial to the 
researcher or clinician in two ways: (1) determining an appropriate intervention program for the 
child; and (2) measuring progress in the child’s spoken language abilities. Now that the 
benchmark speech and language abilities have been identified for children with ASD who are 
minimally verbal, general intervention programs to improve these abilities will be discussed.  
General Intervention Programs used for Children with ASD 
General intervention programs used with children with ASD who are minimally verbal 
are Discrete Trial Training (DTT) and Natural Developmental Behavioral Interventions (NDBI). 
These have been used to train overall communication and speech production abilities. Studies 
that examined communication intervention programs for children with ASD have emerged from 
several fields of study including psychology, early childhood education, special education, and 
speech-language pathology. 
Communication intervention programs have ranged from highly structured DTT to more 
open-ended, sociocultural approaches (Prizant, Wetherby, & Rydell; Schreibman et al., 2015).  
Schreibman and colleagues (2015) refer to sociocultural approaches as NDBI. Types of research 
designs that have examined these communication intervention programs include controlled, 
single-subject and quasi-experimental studies, and more recently, controlled randomized clinical 
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trials. Typically, single case design or quasi-experimental studies have studied the effects of an 
intervention program on a small number of children or have matched groups of children with 
ASD to compare one intervention program with another. They have also used a multiple baseline 
or multiple-probe, single subject design to compare the effects of an intervention program across 
participants over time. Recently, large controlled, randomized clinical trials have emerged to 
study intervention programs that have been successful in single-subject or quasi-experimental 
studies (Schreibman et al., 2015). Large randomized trials aid in standardizing, or manualizing 
an intervention program. 
Communication abilities addressed in intervention. Researchers have addressed both 
social and spoken communication difficulties in children with ASD who are minimally verbal. 
Although all of the abilities acquired during Piaget’s sensorimotor stage are important to 
development, many children with ASD who experience difficulty with spoken communication 
specifically demonstrate difficulty with joint attention, imitation of gestures, and pretend play 
(Kasari, Gulsrod, Freeman, Paparella, & Hellemann, 2012; Piaget, 1952; Poon, Watson, 
Baranek, & Poe, 2012; Smith et al., 2007).   
 In recent studies, children with ASD identified as minimally verbal used fewer than 25 
words and had not progressed beyond the single-word stage of development (Goods, Ishijima, 
Chang, & Kasari, 2013; Kasari et al., 2014; Smith, Mirenda, and Zaidman-Zait, 2007; Paul et al., 
2013; Rogers et al., 2006; Yoder & Stone, 2006).  Smith et al. (2007) found that rapid spoken 
vocabulary growth was associated with four factors: number of spoken words at the onset of the 
study, presence of verbal imitation abilities, presence of pretend play abilities with objects, and 
number of gestures used to initiate joint attention. The researchers concluded that specific social 
communication abilities were predictors of spoken language development.  
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Discrete Trial Training. Discrete Trial Training (DTT) or Discrete Trial Intervention 
(DTI) is a teaching technique within the field of applied behavior analysis (ABA; Wilczynski et 
al., 2012). It is one of the earlier approaches used to address communication difficulties in 
children with ASD. In order to examine the theoretical basis of DTT, the theoretical basis of 
ABA must be explored. ABA has its theoretical basis in behavioral theory (Skinner, 1957), 
which includes hallmark features such as operant conditioning and positive learning outcomes.  
Communication is viewed as a verbal behavior, which can be divided into small, discrete steps 
(e.g., comprehension of the word, imitated production of the word, cued production of the word, 
etc.) and trained in the same way as any other behavior. Four components of DTT include the 
following: (1) the discriminative stimulus; (2) the response; (3) the consequence; and (4) the 
interval.  
During DTT, massed trials of a target behavior are presented in a stimulus-response 
format (Ogletree, Oren, & Fischer, 2007).  The child receives arbitrary reinforcement (e.g., 
candy or a sticker) for his or her response. DTT has been used to train a broad range of abilities, 
such as eye contact, attention, sitting, matching, verbal imitation, receptive and expressive 
language, and play, in a wide array of populations (Prizant et al., 2000; Wilczynski et al., 2012). 
In recent communication intervention studies using DTT, children have been taught single-word 
responses or single phrases (Goldstein, 2002; Kasari, Freeman & Paparella, 2006; Paul et al., 
2013; Tsiouri et al., 2012).  DTT appears to have been effective in teaching children with autism 
a variety of abilities, such as expressive language, verbal and motor imitation, play, joint 
attention, and social skills (Prizant, Wetherby, and Rydell, 2000).  
Naturalistic Developmental Behavioral Interventions (NDBI). Naturalistic 
Developmental Behavioral Interventions (NDBI) have their theoretical bases in developmental 
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psychology (Schreibman et al., 2015). They have been impacted by the tenets of cognitive theory 
(Piaget, 1952) and sociocultural theory (Bruner, 1975; Vygotsky, 1978). NDBI capitalize on the 
sociocultural theory of learning (Vygotsky, 1978) by embedding these strategies into everyday 
activities, through meaningful social interactions. “NDBI are implemented in natural settings, 
involve shared control between the child and therapist, utilize natural contingencies, and use a 
variety of behavioral strategies to teach developmentally appropriate and prerequisite skills” 
(Schreibman et al., 2015, p. 2411). NDBI adhere to the notion that communication does not 
occur in a void, but happens in the context of a naturally-occurring environment. These types of 
interventions are both adult-centered and child-directed. The adult follows the child’s lead during 
play; however, the adult guides the play by using strategies to elicit the target word or language 
structure.  
Therefore, NDBI are a combination of individual and environmental factors that 
influence the communication process. Both the speaker and the listener have a shared 
responsibility for a successful communication exchange. The child receives naturally-occurring 
reinforcement for his or her behavior. This reinforcement occurs in an ordinary activity.  
NDBI have been used extensively with children who are diagnosed with ASD (Ingersol 
& Schreibman, 2006; Kaiser, Ostrosky, & Alpert, 1993; Kasari et al., 2014; Koegel & Koegel, 
2006; Meadan, Angell, & Stoner, 2010; Prizant, Wetherby, Rubin, & Laurent, 2003).  These  
approaches share several common intervention features and strategies that have been categorized 
into the following 13 areas: (1) use of the antecedent-behavior-consequence contingency; (2) use 
of a intervention manual; (3) fidelity of implementation criteria; (4) individualized treatment 
goals; (5) ongoing measurement of progress; (6) child-initiated teaching episodes;                     
(7) environmental arrangement; (8) natural reinforcement; (9) use of prompting and fading of 
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prompts; (10) turn-taking; (11) modeling; (12) adult imitation  of the child’s language, play, or 
body movements; and (13) broadening the child’s focus of attention (Schreibman et al., 2015).  
DTT and NDBI have similarities and differences. Both approaches have principles that 
are rooted in learning theory (McGee, 2005; Schreibman et al., 2015). Whereas DTT is based on 
behaviorism (Skinner, 1957), NBDI is based on cognitive theory (Piaget, 1952) and sociocultural 
theory (Bruner, 1975; Vygotsky, 1978).  Both approaches meet the criteria for ABA by using 
operant conditioning techniques; teaching skills that are socially significant; and assessing a 
child’s progress before, during, and after the intervention program (Schreibman et al., 2015).   
DTT adopts an adult-centered focus in which the adult has control of the stimulus, 
reinforcement, and materials. Conversely, NDBI have shared control of the therapy session 
between the child and therapist. A final difference is that DTT uses external reinforcement for a 
response whereas reinforcement is naturally occurring in the NDBI activities.  
DTT and NDBI both follow a behavior modification paradigm. In such a paradigm, it is 
assumed that spoken language is a verbal behavior that can be taught holistically and that the 
underlying systems (i.e., cognition, language, auditory discrimination, phonation, and speech 
sound production) required to produce spoken language are intact. According to this paradigm, 
therefore, a child should have the ability to produce a word or phrase when given specific 
techniques to elicit spoken language. Nevertheless, Biller (2015) found that the children with 
ASD who were minimally verbal and who participated in her study had extremely poor oral 
motor control, indicating that their underlying systems were not developed enough to support 
spoken language. Therefore, behavioral paradigms for teaching spoken language may fail 
because the poor oral motor abilities of children with ASD are not addressed in the interventions. 
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The discussion will now turn to specific intervention programs for improving speech production 
abilities. 
Specific Intervention Programs for Improving Speech Production Abilities 
The traditional approach for training individuals with speech problems emphasizes 
correct placement of the articulators (e.g., lips, jaw, tongue, and teeth) and proper use of an 
airstream (i.e., the ability to contrast a voiced and voiceless airstream), in order to produce a 
specific sound (Fish, 2011; Hodson, 2007a; Hodson, 2010). For example, /b/ is produced by 
using a voiced airstream, closing the lips, and pushing the airstream out through the lips.  
Only a small number of intervention studies have examined the use of speech production 
techniques specifically among children with ASD (Brady et al., 2015; Kasari, et al., 2006; 
Koegel et al., 1998; Paul et al., 2013; Rogers et al., 2006).  These studies address intervention 
primarily from a motor-speech production prospective. The researchers in these studies were 
interested in spoken language as it relates to phonology and motor movement. Some studies 
compared two intervention programs to determine which one had a greater effect on improving 
speech production and spoken words in children with ASD who were minimally verbal (Koegel, 
et al., 1998; Paul et al., 2013; Rogers et al., 2006). These studies came to similar conclusions. 
Children who exhibited mild to moderate symptoms of ASD, higher motor imitation abilities, 
and emerging joint attention responded better to the treatment strategies used in their study than 
children with more severe symptoms and less developed motor imitation and joint attention 
abilities.   
A study by Brady and her colleagues (2015) used a multimodal intervention to increase 
the spoken vocabulary of children with ASD who were minimally verbal. Ten children, ages 7 to 
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11 years old, received 17 to 76 treatment sessions. A multimodal intervention, described by the 
authors as the use of speech and a speech generating device during intervention, was used to 
teach preselected vocabulary for each of the participants. The results indicated that their 
intervention package promotes improved spoken words for some children with autism who are 
minimally verbal. Furthermore, they reported that the children more easily acquired new words 
that incorporated consonants from their existing consonant repertoire.   
Two studies used small doses of DTT in training speech production abilities (Ksari, 
Freeman, & Paparella, 2006; Paul et al., 2013). Paul et al. (2013) discovered that children who 
were diagnosed with ASD and had lower receptive language abilities responded well to a DTT 
intervention delivered in a structured setting. In contrast, children diagnosed with ASD and who 
had higher receptive language abilities responded more positively to an intervention that was 
delivered in a naturalistic and less-structured setting. Kasari and colleagues (2006) found that 
small doses of DTT can be appropriate for emphasizing or “priming” a particular treatment goal, 
when used in conjunction with more naturalistic teaching strategies.  
Finally, some researchers believe that children with ASD who are minimally verbal lack 
attention to speech or lack what has been called “speech attunement” or “speech insight” (Paul et 
al., 2013; Shriberg et al., 2011, Tsiouri, Schoen-Simmons, & Paul, 2012; Watling, Deitz, & 
White, 2001.) These researchers contend that children with ASD have a combined low level of 
social motivation and diminished attention to child-directed speech (Paul, 2007), a delay in 
motor abilities related to speech production (Gernsbacher, Sauer, Geye, Schweigert, & 
Goldsmith, 2008), and poor imitation skills (Rogers et al., 2006).  These challenges may lead 
some children to a lack of attention to other people’s speech, which results in limited and 
unsuccessful attempts to repeat the language forms heard in their environment (Tsiouri, et al., 
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2012). Paul and colleagues (2013) propose that focused attention on a speech model and pairing 
a word with its referent (in a concentrated way) may facilitate spoken language for children with 
ASD. The focused attention gives the child insight into the link between speech production and 
communicative intent. 
One drawback of speech production paradigms is that they often fall short in promoting 
the acquisition of new spoken words. In a speech production paradigm, it is often assumed that 
production of an individual speech sound must be targeted before the whole word containing it 
can be used in a meaningful way. In other words, in such paradigms, the motor movements of 
words must be isolated and taught before the whole word can be used in a naturally-occurring 
environment, to convey communicative intent. Nevertheless, in this researcher’s clinical 
experience, speech sounds from a child’s existing consonant repertoire, even though it is not 
fully developed, can be taught in words. Young, neurotypically developing children naturally use 
a strategy of learning word pronunciations as holistic phonetic sequences, and it is known as 
word based learning (Bleile, 2004; Ingram & Ingram, 2001; Maas et al., 2008). In this strategy, 
children use the sounds from their existing consonant repertoire well enough for certain words to 
be understood by their listener, without being able to pronounce the entire word correctly.  
General and specific intervention programs for children with ASD who are minimally 
verbal generally target either communication abilities or speech production abilities. Since 
children with ASD are a heterogeneous group, not all intervention programs are successful at 
improving spoken language for all children. Therefore, the concept of “goodness of fit” has been 




Goodness of Fit of the Intervention Program 
Intervention programs have features that may be more effective with one child versus 
another. Therefore, when selecting a communication intervention program, consideration should 
be given to the child’s pretreatment cognitive abilities, the language abilities being targeted, 
biological factors, social factors, family characteristics, and the amount of intervention already 
received (Rogers & Vismara, 2008; Rogers et al., 2006; Yoder, Warren, & Hull, 1995; Yoder & 
Stone, 2006).   
In Ogletree and colleagues’ (2007) review of effective intervention practices for children 
with ASD, they discussed a “goodness of fit” model with regard to children, their families, and 
the intervention model. They believe “the match between an individual’s ability and the 
demands/expectations of a home, a school, and/or a community environment may have a 
profound influence on a person’s communication and language development” (p. 243).   
Components of Intervention 
           Besides the intervention programs used to improve communication and speech 
production, there are therapeutic components of intervention that may influence the outcome of a 
treatment session. These components include: imitation, stimulation strategies to improve lexical 
acquisition, stimulation strategies to improve phonology and speech production, treatment 
setting, structured play activities, and clinician input. 
Imitation as a stimulation strategy. Imitation is important in Piagetian theory (Piaget, 
1962), and therefore, was an integral component of the combined intervention program used in 
the present study (e.g., the independent variable). A child imitating an adult in an ordinary 
everyday interaction is different than the focused imitation used clinically, with specific 
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elicitation techniques to teach a newly learned word.  The latter allows for several repetitions of 
a word along with verbal, visual, and tactile prompts (Hodson & Prezas, 2010). The fact that a 
child has not acquired spoken language through natural social interactions involving imitation 
may imply that additional strategies are needed for these children to learn language (Connell, 
Fey & Proctor-Williams, 2000; Smith, Eikeseth, Sallows, & Graupner, 2009). For a child with 
communication difficulties, it may not be enough to be an engaging communication partner; the 
communication partner may need to employ specific intervention strategies, one of which is 
imitation, to teach the child language that he or she has not previously learned.  
Stimulation strategies used to improve lexical acquisition. One notable NDBI 
approach is Naturalistic Teaching Strategies (NTS: Meadan, Angell, & Stoner, 2010), which has 
been implemented as part of Parent-implemented Communication Strategies (PiCS: Meadan, 
Angell, & Stoner, 2010)   It includes four intervention strategies: environmental arrangement, 
modeling, mand-model, and time delay (Halle, Marshall, & Spradlin, 1979; Kaiser, Ostrosky, & 
Alpert, 1993; Meadan, Angell, & Stoner, 2010). Only the first three strategies are relevant to the 
present study, and therefore, will be discussed. Recall that NDBI adhere to the sociocultural 
theory of learning (Vygotsky, 1978) by embedding these strategies into everyday activities, 
through meaningful social interactions. 
When training parents to be interventionists, environmental arrangement or “Pick, 
Present, Play” is a strategy used as a deliberate attempt by an adult to arrange the materials in the 
environment in a way that requires the child to initiate a communication attempt incorporating a 
target word (e.g., no batteries in a toy dog, a missing puzzle piece to an animal puzzle, or a lid to 
a bubble jar that is screwed on too tightly).  The adult picks one of the child’s preferred toys, 
preferred activities, an activity that requires more than one player, or an item that was 
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purposefully broken or needing batteries. Then the adult presents the toy or activity in an 
engaging way, which encourages the child to communicate. Finally, the adult plays with the 
child in a way that increases the communication opportunities for the child. 
The second and third NTS are the use of modeling and mand-models.  During modeling, 
first joint attention is established with the child by displaying an object, pointing to an object, or 
engaging in a motivating activity.  Second, a verbal model of the item or activity is given. Third, 
a wait time of 2 to 3 seconds is provided before another model is given, a time frame that is 
specified in Meadan, Angell, and Stoner’s treatment protocol (2010). If the child responds (by 
imitating the model), the adult praises the child for the communication attempt or repeats the 
steps if the child does not respond within 2 to 3 seconds.   
The mand-model strategy employs the same steps as the modeling strategy, except that 
the child is presented with a verbal mand, instead of a verbal model. Mands include: (1) a choice 
(e.g., “Do you want the ball or the block?”); (2) a question (e.g., “What do you want?”); or (3) a 
direction (e.g., “Say more.”).  If the child responds, the adult praises the child for the 
communication attempt, or repeats the steps if the child does not respond within 2 to 3 seconds.   
Stimulation strategies used to improve speech production and phonology. Treatment 
strategies to promote speech production, and eventually phonology (e.g., a child’s consonant 
repertoire), may incorporate auditory, visual, and/or tactile stimulation. Such stimulation is 
thought to provide sensory input that allows the child to arrive at correct production of a 
phoneme (Fish, 2011; Hodson, 2007a; Hodson, 2010; Kent, 2004). These treatment strategies are 
often used by speech-language pathologists in speech therapy and will be discussed in the 
following paragraphs. They will be referred to as speech production strategies (SPS). 
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A verbal model is one form of auditory stimulation and helps to increase accuracy of 
speech production (Hodson, 2007a; Hodson, 2010; Kent, 2004). The clinician provides verbal 
examples of a sound, word, or phrase such as “This is a (the word).”   A visual speech model 
and/or cue may be used in conjunction with a method called “phonetic placement,” in which the 
child is taught where and how to place the articulators to produce a specific phoneme or word 
(Hodge, 2010; Marchant, McAuliffe, & Huckabee, 2008). With visual stimulation, the speech-
language pathologist and child look in a mirror, where the child looks at the speech-language 
pathologist’s mouth, and his or her own mouth and face, for visual placement cues during 
production of the target word.  
A tactile prompt is a form of tactile stimulation in which the clinician uses his or her 
fingers to manipulate the child’s articulators (e.g., lips and jaw) or applies touch or pressure to 
the child's face, neck, and head to provide a tactile cue for correct speech production (Hayden, 
Walker, & Olson, 2010). Tactile stimulation is derived from motor-kinesthetic methods (Hayden, 
1994) and may be used to increase a child’s awareness of the articulatory movement (Dale & 
Hayden, 2013).    
It has been shown that an external tactile source can better facilitate the retention of a 
skill (McAllister, Byun & Hitchcock, 2012; Rogers, 2014; Schmidt & Wrisberg, 2004). There are 
different tactile cueing techniques such as Dynamic Temporal and Tactile Cueing (DTTC: Strand 
& Skinder, 1999), the Touch-Cue Method (Bashir, Graham-Jones, & Bostwick, 1984), and 
Prompts for Restructuring Oral Muscular Phonetic Targets (PROMPT: Hayden, 1984; Hayden & 
Square, 1994; Hayden, Walker, & Olsen, 2010). Of interest to this study is PROMPT, which is a 
dynamic tactile method of treatment based on touch pressure, kinesthetic, and proprioceptive 
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cues.  PROMPT uses a sociocultural framework for training speech production by highlighting 
the importance of training functional language within a social context.   
In the PROMPT method, tactile-kinesthetic-proprioceptive input is directed at different 
levels of the speech system, which consist of: the phonatory level, the mandibular (jaw) level, the 
labial-facial (lips and face) level, and the lingual (tongue) level. Additionally, tactile cues 
provide input about voicing and nasality. The clinician’s fingers are placed on the child’s face, 
lips, jaw, and mylohyoid muscle (which is the muscular base of the mouth and is located under 
the chin) to elicit specific speech sounds (see Hayden et al., 2010 for a more complete 
description of the method).  For example, a clinician would provide tactile cues for ball by 
putting her fingers on the child’s lips for /b/, gently pulling down his or her chin a prescribed 
amount for production of /ɑ/, and running her finger along the mylohyoid muscle (under the 
chin) for /l/.  
The treatment setting. The setting in a treatment session can be viewed as lying along a 
continuum of “naturalness”: in which DTT approaches are the least natural, structured play 
activities fall in the middle, and NDBI (including NTS) are the most natural (Fey, 1986; Paul, 
2007). The naturalness of the session is defined by the activity (e.g., drill or play based), physical 
context (e.g., clinic or home), and focus (e.g., adult-directed or child-directed). As previously 
discussed, DTT approaches are adult-centered sessions incorporation drill-like activities. NDBI, 
used in the present study, have shared control of the therapy sessions between the child and the 
adult, and incorporate naturally-occurring activities such as play. In NDBI, the instances in 
which the child chooses the activity and leads the play sequence would be considered child-
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directed. Instances in which the researcher delivers treatment strategies that stimulate the child’s 
development would be considered adult-directed.  
Structured play activities. A structured play activity that takes place in a clinical setting 
mirrors naturally-occurring activities that would take place at home. This type of activity reflects 
both DTT and NDBI approaches, provides a framework for the therapy session in which the 
treatment strategies are embedded, and provides ample opportunities to elicit production of 
preselected target skills (Franco, Davis, & Davis, 2013; King, Hengst, & DeThorne, 2013).  
Structured play activities are both adult- and child-directed. The clinician preselects which 
vocabulary or language structure to target and selects materials or activities that provide 
opportunities to elicit their production. However, within the activity itself, the child often takes 
the lead during play. The adult then follows the child’s lead, using strategies to elicit the target 
word or language structure.  
Structured play activities appear to be a useful organizational scheme for presenting a set 
of treatment strategies. Activities which might be selected include: sensory play, such as playing 
with a sensory toy (e.g.,  a vibrating ball or a light-up toy); gross motor activities, such as playing 
with a ball, tickling, jumping on a mini trampoline, or swinging; fine motor activities, such as 
playing with puzzles, building blocks, and musical toys; book sharing with a short, 
developmentally-appropriate book; and pretend play that entails an activity that promotes 
interactive play between the researcher and the child, such as manipulating a  toy farm, zoo, or 
play house  (Dale & Hayden, 2013; Franco, Davis, & Davis, 2013; King et al., 2013; Paul et al., 
2013). For example, if the target word were ball, the clinician might select different balls to play 
with in the session, have a puzzle with balls pictured on it, and a book that has pictures of balls.  
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In the present study, another type of structured activity, called Speech Practice, was 
dedicated to focused speech production training. Kasari and colleagues (2006) found that small 
doses of DTT can be appropriate for emphasizing or “priming” a particular treatment goal. 
Speech Practice allows for focused trials of the target words similar to the “shaping procedures 
characteristic of the DTT approach, which allows the child to produce at first relatively gross 
approximations of target words that are gradually required to move closer to adult forms” 
(Tsiouri, et al., 2012, p. 1290). For example, while an adult and a child sit in front of a table-top 
mirror, the adult shows the child a picture that represents a target word. In this sort of practice, 
the child might be asked to imitate the target word after a verbal model, visual speech model 
and/or cue, and/or tactile prompt is provided by a clinician.  
Clinician input. Along with the setting of the session and structured play activities, 
verbal input from the clinician can be placed along a continuum. The clinician’s input can range 
from general, controlled linguistic input to ordinary talk to therapeutic conversation. With 
general, controlled linguistic input, the clinician refrains from using vocabulary or treatment 
strategies intended to promote language development. Franco, Davis and Davis (2013) describe a 
session in which general, controlled linguistic input is provided: “The adult does not prompt or 
cue the child to communicate or attempt to initiate any play routines. If the child initiates 
communication, then the adult responds in a natural way, such as making a neutral comment” 
(pg. 492). Ordinary talk is everyday conversation an adult or clinician would have with a child 
using naturally-occurring techniques such as modeling. Lastly, therapeutic talk is a conscious 
effort to maximize the use of treatment strategies to improve language production, such as 
scaffolding, expansion, and parallel-talk (King et al., 2013; Paul, 2007).  
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The components of intervention include not only imitation and other treatment strategies, 
but also the treatment environment. The treatment environment consists of the setting, structured 
activities, and clinician input. Together, these components can create an optimal learning 
environment in which to teach children spoken language. Knowing which components have been 
successful with clinical populations guides a researcher or clinician to develop an effective 
intervention program. 
Rationale, Summary, and Research Question 
Intervention research on improving spoken language in children with ASD who are 
minimally verbal appears to be somewhat fragmented. Single case design, quasi-experimental 
studies, and more recently large randomized clinical trials, have examined the effects of 
intervention programs that have targeted either communication or speech production strategies 
children with ASD. Current studies have not taken the perspective that these children are in the 
first 50-word stage of development, and that a link exists between lexical acquisition and 
phonological development in spoken language. Thus, the developmental aspects and factors 
related to this period of development, for the most part, have not been considered in general 
intervention programs for minimally verbal children. 
 Communication intervention studies have targeted social communication abilities such 
as joint attention, pretend play, communicative intent, and gestural imitation that develop in 
tandem with spoken language, in an effort to elicit imitative and spontaneous spoken words, 
without regard to the motor planning for speech production. A smaller number of studies have 
targeted speech production and phonological abilities such as oral motor movement and 
phonological features as a method for improving spoken communication in children with ASD 
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who are minimally verbal. These studies have viewed spoken language as a motor act involving 
the sequencing of individual speech sounds to produce a word.  To the researcher’s knowledge, 
no intervention study to date has examined a simultaneous intervention program involving the 
use of both communication and speech production strategies as they pertain to the development 
of spoken words in this group of children.    
Thus, the goal of the present study was to use a single case design to explore whether a 
combined communication and speech production intervention program could improve spoken 
communication for children with ASD who are minimally verbal.  Specifically, NTS and SPS 
were interspersed throughout various structured play activities to teach children preselected 
target words that were new to their spoken vocabulary. In the present study, the selection of the 
dependent variable and independent variable was based on what is known about the first 50-word 
stage of development and the link between lexical acquisition and phonological development 
during that time period. The significance of this study is that it fills a gap in the body of literature 
that examines intervention packages as a method of improving spoken language of children with 
ASD who are minimally verbal, by combining strategies that target lexical acquisition and 
speech production abilities. The research question of the present study was: 
Is there a functional relation between a combined communication and speech production 
intervention program and an increase in the number of spoken words used by children 
with autism spectrum disorder who are minimally verbal?  
The researcher hypothesized that children with ASD who are minimally verbal would 
demonstrate an increase in the production quality of spoken words when exposed to a combined 






A multiple-probe design across four participants was conducted to determine the effects 
of a combined intervention program, incorporating communication and speech production 
strategies, on the production of a set of spoken words by children with ASD who were minimally 
verbal.  The premise of a multiple-probe design is that by initiating treatment for different 
individuals at different points in time, the changes in the target behavior that occur once the 
treatment program is introduced can be attributed to the intervention, as opposed to other factors 
(Kazdin, 2011). A multiple-probe design across participants was also chosen due to the 
prolonged period that the third and fourth participants would have experienced a baseline 
condition without receiving treatment (Kazdin, 2011). To reduce the number of sessions without 
treatment, the third and fourth participants received 30-minute baseline sessions intermittently 
for at least three sessions or until the participants had demonstrated a stable baseline behavior 
(i.e., consistent production of the target words, as measured by session data).  
Design Overview 
The study included a parent interview, a pretreatment assessment of the participants, a 
baseline phase, a treatment phase, and a maintenance phase, as displayed in Figure 1. All of the 
sessions were conducted by the researcher. The dependent variable was the spoken production of 
words and was measured by the participants’ productions of a set of target words during the 
treatment sessions (i.e., session data). The independent variable was the combined intervention 





The study spanned a 6- to 7-month period in which the participants were seen for 30-
minute sessions two to three times per week during the baseline, treatment, and maintenance 
phases. The researcher guided the child through four or five structured play activities. During the 
baseline phase, when the researcher responded to the participant, she refrained from using the 
eight target words or the treatment strategies to elicit them. The treatment phase lasted 20 
sessions, and consisted of implementing three NTS and three SPS with the participants, except 
for the second participant (Mark), whose treatment phase was extended to 22 sessions. A 
maintenance session was conducted one month after each participant completed his treatment 
phase.  
Once a stable baseline (i.e., a stable production score for the target words as measured by 
the session data) was established for the first participant (Justin), he began the treatment phase. 
As Justin received the combined intervention program, the three remaining participants 
continued in the baseline phase, in which no treatment was delivered. After Justin demonstrated 
a consistent increase in production of the target words, and the second participant (Mark) 
demonstrated a stable baseline, Mark began the treatment phase. After he demonstrated a 
consistent increase in the production score of the target words, and the third participant (David) 
and fourth participant (Avery) demonstrated a stable baseline, these last two participants 
simultaneously began the treatment phase.  
The original design for the present study was altered due to logistical issues that arose 
with the participants and the implementation of the design. The original study design is described 







 The participants were recruited from area public schools in western Illinois. The 
special education director in each school district sent an information flyer explaining the study to 
parents of children who potentially met the inclusionary criteria for the study. Six interested 
families contacted the researcher. Informed consent to participate in the study was obtained from 
each parent (see Appendix C). Since the potential participants were nonreaders and unable to 
comprehend the written assent form, behavioral assent was determined by the researcher. The 
Institutional Review Board at the University of Illinois at Urbana-Champaign approved 
procedures for participant recruitment and consent for the study.  
 The participants had to meet eight inclusionary criteria for the present study, which 
were: (1) a diagnosis of ASD by a licensed psychologist, developmental pediatrician, or 
educational team using a standardized assessment for ASD;  (2) hearing acuity adequate to 
participate in the study, as measured by an informal probe; (3) spoken vocabulary from 1 to 30 
words, as measured by the MacArthur-Bates CDI: Words and Gestures (CDI; Fenson et al., 
2007); (4) visual receptive abilities equal to or greater than an age equivalent of 24 months, as 
measured by the Visual Reception subtest of the Mullen Scales of Early Learning (MSEL; 
Mullen, 1995); (5) receptive language abilities equal to or greater than an age equivalent of 15 
months, as measured by the Receptive Language subtest of the MSEL (Mullen, 1995);             
(6) phonatory control demonstrated by the ability to imitate a voiced (/ɑ/) and voiceless (/h/) 
phoneme, as measured by the  Verbal Motor Production Assessment for Children (VMPAC; 
Hayden & Square, 1999); (7) production of at least two different consonants and (8) production 
of CV syllables, either imitatively or spontaneously, which was measured by the general motor 




Communication and Symbolic Behavior Scales Developmental Profile Infant-Toddler Checklist 
(CSBS DP Infant-Toddler Checklist; Prizant & Wetherby, 2002). These three measures were 
chosen because they assessed speech sound production in different contexts: the VMPAC 
measured productions in a formal assessment instrument; the NLS measured spontaneous 
productions at school with the researcher; and the CSBS DP Infant-Toddler checklist measured 
spontaneous productions at home and in all other environments.   
 When performing the NLS, the researcher provided a standard context in which to 
administer it by controlling the time, materials, and interaction style of the sample (Kasari et al., 
2014). She used five communication temptation activities (Prizant & Wetherby, 2002) during a 
20-minute NLS to elicit spontaneous speech from the participants. The five activities were: 
blowing bubbles; blowing up a balloon; dropping blocks in a box; reading a book; and playing 
with a doll. The researcher guided the participants through the activities and interacted with the 
children in an ordinary conversational manner (King et al., 2013). Later, she reviewed the video 
recording and compiled a list of individual consonants that represented the child’s spontaneous 
speech sound repertoire (vowels and consonants).   
 Before the study began, a parent interview was conducted in which consent for 
participation in the study was obtained.  A copy of the assessment report that documented the 
child’s diagnosis of ASD was collected. Also, forms and checklists that required parent 
participation were completed, which included the social, developmental and medical history, the 
CDI, and the CSBS DP Infant-Toddler Checklist. After the parent interview, the pretreatment 
assessment was conducted over two sessions. The assessment had two purposes: (1) to determine 
if a child met the selection criteria to be included in the study; and (2) to gather data that would 




After the pretreatment assessment, four of the six children were chosen to participate in 
the study. The two participants that were not selected to participate in the study had well over 50 
spoken words in their vocabulary, as measured by the CDI, and produced several multiword 
phrases. Three of the four participants who were chosen met all the inclusionary criteria. The 
fourth participant (Avery) met all of the criteria with the exception of having a spoken 
vocabulary (i.e., he did not produce any true words), imitating a voiced and voiceless phoneme, 
and producing CV syllables. Even though Avery did not meet all of the speech production 
inclusionary criteria, he was selected to participate in the intervention study in case one of the 
first three participants was unable to complete the study. The participants in the present study 
were four European American boys, ages 3;8 to 4;11. Each participant was assigned a 
pseudonym to ensure his anonymity. 
Demographic and descriptive information.  The demographic and descriptive measures 
in the present study were gathered from the developmental, social, and medical history and the 
CSBS DP Infant-Toddler Checklist (see Table 1). The history consisted of questions that the 
parent was asked in a pretreatment interview (see Appendix D). As part of the medical history, 
the parents reported that the participants were free from neurological disorders other than ASD 
(e.g., cerebral palsy or epilepsy) or a sensory impairment (e.g., moderate to severe hearing loss 
or visual impairment).   
Assessment of the participants.  The eight inclusionary criteria and methods to assess 
them were derived from three sources: Tager-Flusberg and colleagues’ (2009) framework for 
spoken language acquisition for children with ASD; the literature on speech sound acquisition of 




children with ASD who were minimally verbal (Biller, 2015). See Table 2 for a summary of the 
assessment data for each participant. 
All assessments were administered prior to the baseline phase by the researcher, a 
nationally certified and licensed speech-language pathologist (SLP), except for the standardized 
test for ASD.  The only assessment repeated following the treatment phase was the CDI. 
Psychometric properties for all the assessments were deemed to be sufficient for the purposes of 
the present study. None of the participants could be conditioned to participate in a formal hearing 
screening at their schools within the past year. Subsequently, the children received an informal 
hearing screening performed by the researcher (see Appendix E) to determine detection of sound 
at different loudness levels (Durkel, 2005). Additionally, one child’s hearing was assessed more 
thoroughly, using sound field audiometry (ASHA, 2016a).  
Profiles of the Participants  
 The following information was gathered during the parent interview and the pretreatment 
assessment and is presented for each child. Justin’s and David’s mother acted as informants 
during the parent interview. Likewise, Mark’s and Avery’s mother and father acted as informants 
during their parent interview.  
 Justin.  Justin was a European American boy who was 4 years, 11 months old at the 
onset of the study. His mother reported early contractions at 18 weeks, and was confined to bed 
rest for the remainder of the pregnancy. Justin was subsequently born to term. He was diagnosed 
with ASD when he was 3 years, 6 months old. He and his mother tested positive for the NRXN1 
gene, which has been linked to ASD (Weizmann Institute of Science, 2016). He exhibited signs 
of regressive autism (NIH, 2013): starting to produce spoken words at 18 months and then 




of 30 months.  His mother reported that he had abnormal auditory and oral sensory processing 
abilities.  
Justin began speaking again around 3 years, 11 months, approximately one year prior to 
his participation in the study. He produced 25 spontaneous words on the pretreatment CDI. In 
addition to single words, Justin occasionally produced two-word and three-word phrases. During 
the VMPAC, NLS, and CSBS DP Infant-Toddler Checklist, he had 13 consonants in his speech 
sound repertoire, which were /p, b, t, d, k, g, m, n, s, z, ʃ, w, l/, where /ʃ/ = “sh.” In 
addition, he produced over 20 different CV syllables. 
Justin attended kindergarten in a self-contained, special education classroom, where he 
also received occupational and speech-language therapy. He received no other therapies outside 
of the school day. He was an oral communicator with supplemental use of a Picture Exchange 
Communication System book in the classroom (PECS: Bondy & Frost, 1994).  
Mark.   Mark was a European American boy who was 3 years, 10 months old at the 
onset of the study. His mother reported having gestational diabetes during her pregnancy. She 
went into early labor, which was stopped, and Mark was subsequently born to term. He was 
diagnosed with ASD and an intellectual disability when he was 30 months old, approximately 16 
months prior to participation in the study. Mark had frequent nasal drainage and upper 
respiratory infections. Mark’s parents reported that he had several decayed teeth, which may 
have been a constant source of infection. He had extensive oral surgery to remove the decayed 
teeth during the second week of his treatment phase (Session 14); his health improved somewhat 
after the surgery. It is difficult to ascertain the amount of impact the lingering pain and swollen 




accepting tactile prompts. It was reported by his parents that there was no family history of 
autism; however; Mark’s paternal uncle was intellectually disabled.  His parents reported that 
Mark experienced abnormal tactile and oral sensory processing.  
Mark began speaking at approximately 30 months of age (approximately 1 ½ years prior 
to his participation in the present study). He produced 30 words on the pretreatment CDI.  In 
addition to single words, he produced occasional, productive two-word phrases. During the 
VMPAC, NLS, and CSBS DP Infant-Toddler Checklist, he had 13 consonants in his speech 
sound repertoire, which were: /p, b, t, d, k, g, m, n, ŋ, s, ʃ, w, h/, where /ŋ/ = “ng” and   
/ʃ/ = “sh.”  In addition, he produced 12 different CV syllables.  He attended preschool in a 
special education classroom, where he received occupational and speech therapy. Mark received 
no other therapies outside of the school day. He was in the early stages of verbal communication 
and used a PECS book to supplement oral communication in the classroom. Additionally, his 
mood was erratic during all phases of the study. 
David.  David was a European American boy who was 4 years, 5 months old at the onset 
of the study. As reported by his mother, he was born prematurely at 24 weeks, and consequently 
spent 3 months in a Neonatal Intensive Care Unit. He received an educational diagnosis of ASD 
(secondary to his prematurity) when he was 4 years, 3 months old, approximately 2 months prior 
to his participation in the study. David had a third cousin who was diagnosed with autism. His 
mother reported that David experienced abnormal tactile and oral sensory processing.  
David had frequent ear infections and received pressure equalization (PE) tubes when he 
was approximately 30 months old. During the pretreatment assessment, David did not pass the 




by a licensed audiologist. Because he refused to wear headphones during the audiological 
evaluation, his hearing was tested using sound field audiometry (ASHA, 2016b). David 
consistently responded to the tone in both ears at 30-40 dB HL, which represents a mild hearing 
loss or better.  Based on the results of the sound field testing, his hearing was judged to be 
adequate to receive one-on-one instruction in a quiet room.  
David experienced a ruptured tympanic membrane (i.e., eardrum) during his first week of 
the treatment phase (Session 5). His participation in the study was suspended for 2 weeks while 
he recovered from his ear infection. Consequently, the researcher started the next participant, 
Mark, in the treatment phase while David recovered from his ruptured tympanic membrane.  
Once his tympanic membrane healed, another sound field audiological evaluation was attempted; 
however, this time he refused to enter the audiology booth. Consequently, his hearing acuity 
could not be determined after the rupture of his tympanic membrane.  
David did not start talking until he was 2 ½ to 3 years old, approximately 1 ½ to 2 years 
prior to his participation in the study. He produced 19 words on the pretreatment CDI.  During 
the VMPAC, NLS, and CSBS DP Infant-Toddler Checklist, David had 15 consonants in his 
speech sound repertoire, which were:  /p, b t, d, k, g, m, n, s, f, ʃ, ʧ, w, j, h/, where /ʃ/ = 
“sh”, /ʧ/ = “ch,” and /j/ = “y.”  As reported by his mother, David would use words one time and 
then not produce them again. In clinical practice, these are often called “pop-up” words. David 
also exhibited instances of echolalia consisting of excessive repetition of words and phrases, and 
he produced several scripted phrases and dialogs. Even though he produced several multiword 




did not appear to be for the purpose of communicating with people. He was in the early stages of 
verbal communication and used a PECS book to supplement oral communication.  
 David attended preschool in a special education classroom where he received 
occupational therapy one time a week and speech-language therapy twice a week. He received 
additional occupational and speech-language therapy once a week at an out-of-town hospital that 
specialized in treatment of children with ASD. He also received speech-language therapy twice a 
week at a local university clinic. He participated in the intervention study two to three times per 
week. Consequently, during the intervention study, David attended therapy sessions to improve 
his speech and language abilities seven to eight times per week.  
Avery.  Avery was a European American boy who was 3 years, 8 months old at the onset 
of the study. He lived at home with his mother and father. Pregnancy and delivery were 
unremarkable. He was diagnosed with ASD and a global developmental delay when he was 3 
years, 1 month old, approximately 7 months prior to his participation in the study. Avery had 
oral surgery to remove several decayed teeth during the first week of his treatment phase 
(Session 16). It was difficult to ascertain the amount of impact the lingering pain and swollen 
gums from the surgery had on his willingness to participate in treatment, especially when 
accepting tactile prompts. Avery did not like to be touched except for holding hands. He 
exhibited oral aversions and was a picky eater. Avery had the least developed spoken 
communication of the four participants, having not met all of the inclusionary criteria to 
participate in the study. He exhibited signs of regressive autism, babbling and producing some 
words before the age of 12 months. According to his mother, Avery would use words one time 
and then not produce them again (i.e., he had some “pop-up” words).  When he was 18 months 




began vocalizing again at approximately 3 years, 6 months, approximately 3 months prior to his 
participation in the study. He did not spontaneously produce any words on the pretreatment CDI, 
and the only word approximations heard during the pretreatment assessment occurred when he 
verbally counted to 10, using vowel productions only. During the VMPAC, NLS, and CSBS DP 
Infant-Toddler Checklist, Avery had 4 consonants in his speech sound repertoire, which were: 
/p, d, m l/. Avery did not produce any CV syllables during the pretreatment assessment. He 
was being introduced to PECS in the classroom. His parents reported abnormal tactile and oral 
sensory processing abilities.  Avery attended preschool in a special education classroom, where 
he also received occupational therapy once a week and speech-language therapy twice a week. 
He attended an additional speech-language therapy session once a week at a local hospital.  
Target Words 
The dependent variable was spoken word production, as measured by the participants’ 
production of eight target words. Improvement in the production of target words by the child was 
used to determine initiation of treatment for the next participant. The target words that were 
trained in the treatment phase were selected from the CDI that the parent completed in the 
pretreatment parent interview. The researcher considered the number of target words (Benedict, 
1979; Nelson, 1974), lexical criteria, and phonological criteria when selecting target words from 
the CDI.  See Appendix F for a list of each participant’s target words and the relevant selection 
criteria. 
Lexical criteria. The lexical criteria consisted of the child’s comprehension vocabulary, 
and the semantic category of the words. For a full description of the phonological criteria, see the 




Comprehension vocabulary.  Target words in the present study were generally words 
that the child “understood,” but did not “say,” as reported by the parent on the CDI. Using this 
criterion implied that the child comprehended the target words; however, he or she did not 
verbally imitate or spontaneously produce them.  In other words, the target words were in the 
child’s existing comprehension vocabulary, but not in his production vocabulary. Even if the 
child expressed a word using another mode of communication such as PECS, the word was still 
eligible to be included in the study, because it was not in his spoken vocabulary.  
Semantic category. The selection of the words in the present study included 
consideration of Nelson’s (1974) system of categorization for acquisition of the first 50 spoken 
words In English, in which the acquisition of nominals (a specific nominal such as “Mom” and 
“Dad” or a general nominal such as “ball” or “dog”) precedes that of actions (e.g., “hug” or 
“wash”). Therefore, the set of eight target words was more heavily weighted toward nominal 
than action words: Each child’s set consisted of six nominals (primarily nouns) and two actions 
(primarily verbs).  
Phonological criteria.  The phonological criteria consisted of the child’s existing 
phonetic repertoire, and the phonetic complexity and syllable shape of the words. For a 
description of the phonological criteria, see the Phonological Development section in         
Chapter 2, pp. 7-9. 
Existing phonetic repertoire.  The target words contained at least one consonant from the 
child’s existing phonetic repertoire. There were three exceptions in which a vowel from the 
child’s phonetic repertoire was chosen instead of a consonant: David had /aɪ/ in “eye,” and 




position of the word.  Occasionally, a word was chosen that had the target consonant in the final 
position and yet met the other selection criteria. Such a word was selected as a target word 
because of the participants’ limited number of available words that met the other selection 
criteria, as reported on the CDI.  
Phonetic complexity and syllable shape.  In the present study, target words were also 
selected based on their phonetic complexity, which was measured with the Index of Phonetic 
Complexity (IPC; Jakielski, 2002). Target words were chosen that had low to mid IPC values 
(i.e., values of 0 to 5), meaning they were easier and less complex to produce. (For a description 
of the IPC scoring system, see the Phonetic Complexity and Syllable Shape section in Chapter 2, 
pp. 8-9). Many different syllable shapes were allowed because the scoring system did not require 
production of every phoneme in every word.  
Measures 
To answer the research question, session data were transcribed and analyzed for 
production of the target words, according to a 5-point scoring hierarchy (see Table 3). The 
utterances involving the target words were tallied for a session, arriving at a total production 
score for each session. Reporting the total number of points earned using the scoring system 
credits the child for both volubility, or how frequently a child talks and uses words (Nathani, 
Oller, & Neal, 2007) and the quality of their productions. In other words, vocabulary gains are 
made when a child uses a new word more frequently or the quality of the production of the word 
is highly recognizable to parents and other caregivers, or both. Both of these aspects are 




The scoring hierarchy for the quality of a word’s production consisted of five verbal 
response types that were assigned a point value: a spontaneous production was awarded 5 points; 
an imitated production was awarded 4 points; a vocalization which consisted of at least a 
canonical syllable (CV syllable) was awarded 3 points; a vocalization which consisted solely of a 
consonant or solely of a vowel was awarded 2 points; an uninterruptable  production of the target 
word was awarded 1 point; and a prelinguistic vocalization was awarded 0 points.  
A correct spontaneous or imitated word was defined as a production that contained at 
least 50% of the phonemes in the target word (with at least one consonant and one vowel from 
the original word), with the phonemes produced in the correct order.  Spontaneous and imitated 
word productions occurred during the structured play activities. The child’s production of the 
target words was scored as spontaneous if it met criteria, and no verbal model was given or if the 
child produced the target words with a delay longer than 3 to 5 seconds after a verbal model, a 
picture, or both. The child’s spoken word was scored as imitated if it met criteria and he 
produced it within 3 to 5 seconds after a verbal model.  Based on past research (DeThorne et al., 
2014; Meadan, Angell, & Stoner, 2010), 3 to 5 seconds was considered to be a reasonable length 
of time to produce a response.   
An utterance was considered a vocalization when it failed to meet the criteria for a 
spontaneous or imitated word. Vocalizations could be spontaneous or imitated, and consisted of 
three types: (1) a vocalization that was a canonical syllable, containing both a consonant and a 
vowel, but the production contained fewer than 50% of the phonemes in the target word; (2) a 
vocalization that contained a recognizable consonant or vowel that may or may not have been 
present in the target word: and (3) an uninterruptable production of the target word (i.e., the 




The uninterruptable production may have referred to a different referent (i.e., towel for hand), or 
may have been a different word or scripted phrase response to a model of a target word.  
Reliability   
Two undergraduate research assistants (RAs) majoring in Speech and Hearing Science 
who were blind to the strategies that were used during treatment scored the session data. They 
viewed videos of the same participants as in the present study; however, the videos were of 
sessions that were not selected for determining reliability. As the students viewed the videos, 
they scored the children’s utterances in order to determine inter-rater agreement with the 
researcher. Training continued until the RAs averaged at least 70% agreement compared to the 
researcher over four practice sessions. Reliability was calculated on agreement of occurrence of 
an utterance (i.e. the time stamp on the video when an utterance occurred) and use of the 5-point 
scoring hierarchy (i.e., spontaneous production, imitated production, vocalization with CV 
syllable, vocalization with C or V, or uninterpretable production). For computing reliability, each 
RA’s scoring decisions were compared to those of the researcher, who transcribed and scored all 
four of the participants’ responses.  
The videos were randomly selected from the baseline and treatment phases, and also 
included the maintenance session. The two RAs independently viewed 25% of the video 
recordings for two of the participants: The first RA viewed 25% of the video recordings for 
Justin and David, and the second RA viewed 25% of the video recordings for Mark and Avery. 
Reliability was calculated by dividing the total number of agreements by the total number of 
agreements and disagreements, and multiplying by 100, to arrive at the percentage of agreement. 
An acceptable level of agreement was 70% for both agreement of occurrence of a scorable 




utterance was an average of 83% agreement across the four participants, and for use of the 
scoring hierarchy was an average of 91% across the four participants (see Table 7). 
Setting, Materials, and Activities 
The setting and materials, structured play activities and treatment strategies were based 
on components that were used in previous studies. See the Components of Treatment section in 
Chapter 2, pp. 21-28 for a thorough description of the setting and materials, and structured play 
activities used in the present study. 
Setting and materials.  The parent interview, pretreatment assessment, and all of the 
sessions were conducted at the child’s school or a local university clinic. During the sessions, the 
researcher and the child sat on the floor, sat at a small table, or moved around the room, using 
age-appropriate toys and materials.  The parents were not present during the sessions. A mother 
would occasionally remain in the treatment room for a short time at the beginning of the session, 
engaging in free play, until the child was comfortable separating from her. When the mother left 
the room, the treatment session was started.  
Structured play activities.  The researcher guided the child through four or five 
structured play or book-sharing activities, depending upon the participant’s attention span during 
a session. (For a description of each activity, see Table 4.) The baseline and maintenance 
sessions consisted of four structured play activities, with the addition of a fifth activity, Speech 
Practice, during the treatment sessions only. These activities featured objects, pictures, or play 
sequences that corresponded to certain target words, as well as toys and activities preferred by 
the participants.  Although the same types of activities were consistently performed throughout 




within each play type varied from child to child and session to session. Together, the activities 
lasted approximately 30 minutes.  
The five structured play activities were: (1) Sensory Play; (2) Gross Motor/Fine Motor 
Play; (3) Book Sharing; (4) Pretend/Free Play; and (5) Speech Practice. The latter consisted of 
the researcher and the child practicing production of the target words. The Speech Practice 
activity was only included in the treatment phase because it incorporated three components of 
SPS: verbal models, visual speech models and/or cues, and tactile prompts. Furthermore, the 
treatment strategies were purposefully omitted from baseline and maintenance sessions.  
Together, the activities lasted approximately 30 minutes. Justin was the only child who sustained 
attention throughout all five of the structured activities. Because Mark, David, and Avery were 
not able to sustain attention throughout the five activities, their sessions were reduced to four 
activities during treatment by choosing either Sensory or Gross Motor/Fine Motor Play.  
The activities were represented by color pictures produced with Boardmaker Software 
Version 6.0 that were attached to colored note cards with Velcro on the back.  These note cards 
were placed on a PECS board. The child picked an activity card from the PECS board, handed it 
to the researcher; the researcher took the card, and began the activity. When the activity was 
finished, the card was handed back to the participant, and he put it in the “done” box when the 
activity was finished. This process continued until all of the activity cards had been selected. 
Treatment Strategies  
The combined intervention program consisted of the use of NTS and SPS. For a complete 
description of the strategies, see the Components of Intervention section in Chapter 2, pp. 21-28. 




of the scoring hierarchy), it was also part of the independent variable in that it was used in five of 
the six treatment strategies. The child was free to imitate the researcher producing any word in 
the baseline, treatment, and maintenance sessions; however, he was only able to imitate the 
target words during the treatment sessions.  
Imitation, along with the other treatment strategies, was used in the treatment phase to 
teach spoken words not previously spoken by the participants. The researcher and the 
participants did not interact freely, then, but only under the constraints placed on the target words 
by the materials and treatment strategies used in the sessions. The researcher used multiple 
attempts at targeted imitation to teach the child to produce a new spoken word. In other words, a 
child’s spontaneous imitation of various words in the baseline and maintenance sessions was 
different than the deliberate modeling by the researcher and its intended imitation by the child 
during treatment. 
Natural teaching strategies.  The NTS were chosen to target the participant’s 
communication abilities. These NTS strategies included: (1) environmental arrangement, (2) 
modeling, and (3) mand-model. (For a description, see Table 5.) The researcher adhered to the 
operational definitions of these strategies provided by Meadan and her colleagues (2010) in their 
treatment protocol, with one exception.  In the present study, environmental arrangement was 
called “Pick, Present, Play.”  The dosage of the NTS was as follows: environmental arrangement 
was used 3 to 5 times; and the other two NTS (model and mand- model) were used 10 to 20 
times.   
Speech production strategies with the use of tactile prompts. SPS strategies were 
selected to promote the participant’s ability to produce the new target words. The SPS strategies 




Table 5), and the dosage of their use was 10-20 times per session. When using the first SPS, the 
child was given a verbal model (Hodson, 2007a; Hodson, 2010; Kent, 2004). Unlike the NTS of 
modeling or mand-model, a verbal model was not followed by a request to imitate the word.  The 
use of a visual speech model and/or cue included the researcher and child looking in a tabletop 
mirror, and the child looking at the researcher’s mouth and face for visual placement cues during 
production of the target word (Hodge, 2010; Marchant, McAuliffe, & Huckabee, 2008).  Prompts 
for Restructuring Oral Muscular Phonetic Targets (PROMPT; Hayden & Square, 1994) were 
used in this study and performed by the researcher, who was Level I PROMPT certified. The 
child was touched on his face, lips, or underneath the chin as a prompt for correct placement of 
the articulators during production of every sound in the target word.  Two of the participants, 
Justin and Samuel, tolerated all three of the speech production strategies; therefore, they received 
them throughout the treatment phase.  
Speech production strategies without the use of tactile prompts. During the treatment 
phase, Mark and Avery began resisting the use of tactile prompts, thus only tolerating the use of 
two of the three SPS (verbal models and visual models/cues). Therefore, tactile prompting was 
discontinued for Mark and Avery from Sessions 21 and 20 on, respectively (i.e., from the 12th 
and 6th session of treatment on, respectively). 
Procedure 
The baseline, treatment, and maintenance sessions were audio recorded with a digital 
recorder and video recorded with an IPAD. See Table 5 for a description of the baseline and 
treatment procedures for each treatment strategy. Session data were gathered and scored for 




Baseline.   The researcher guided the participants through Structured Play Activities 1-4 
in Table 4. The objects representing the target words were consistently available for the 
researcher and participant to play with in the room. The researcher interacted naturally with the 
participant without explicitly using any of the planned treatment strategies when playing with 
objects representing the target words: providing only general, controlled linguistic input in 
response to the participants’ verbalizations. Rather than using the target words to refer to the 
objects representing them, she produced only non-target words, neutral words, or superordinate 
category names (e.g., “this,” “that,” and “animal”) or general all-purpose verbs (e.g., GAP verbs 
such as “do,”, “go,” or “make”). The researcher followed the child’s lead during play, acting as a 
good play companion. If the participant attempted to communicate or initiate a play routine, the 
researcher responded in a natural way, such as making a neutral comment (Franco, Davis, & 
Davis, 2013).   
Baseline criteria did allow the researcher to talk to the child and respond to his 
verbalizations. The criteria just limited the researcher to saying general things, and prevented her 
from speaking the target words or doing any of the modeling or speech practice of the target 
words that constituted the treatment. The child would have the opportunity to imitate the 
researcher’s productions of nontarget words; however, since no models of the target words were 
given, the participant would not have the opportunity to imitate those. During baseline, the 
dosage for the treatment strategies used with objects or activities representing the target words 
was required to be zero; however, the occasional use of treatment strategies for nontarget words 
was permissible.  See Table 4 for examples of the differences between researcher-child 




Treatment. Each participant began the treatment phase once he demonstrated a stable 
baseline score (and the preceding participant had shown a clear and sustained behavioral change 
during treatment). The treatment sessions combined specific target words, the structured play 
activities, and the NTS and SPS treatment strategies in an attempt to elicit spoken production of 
the target words.  A treatment plan was developed for each session to ensure that the specified 
target words were presented in the appropriate structured activity and to ensure procedural 
fidelity (see Appendix G for a sample treatment plan). Certain target words were elicited with 
some, but not all, activities. While the researcher and the child were playing with a toy, target 
words that pertained to the activity were elicited by the researcher, consistently using certain 
strategies that were conducive to each type of structured activity. For example, while Justin 
played with Play-Doh and cookie cutter shapes of a dog and a kitty (a structured activity), the 
words dog and kitty (target words) were elicited by using the NTS of environmental 
arrangement, model, and mand-model and the SPS strategies of verbal model and visual model 
or cue (treatment strategies). The treatment strategies were designed to map onto the structured 
play activities.  
Maintenance.  A maintenance session occurred one month following each participant’s 
last treatment session. The child participated in one session which was a return to the baseline 
procedure, namely the use of only general, controlled linguistic input by the researcher, absence 
of the specific treatment strategies used with the objects representing the target words, and no 
verbal model of the target words. Session data were transcribed and scored for all of the 
participants. 
Posttreatment administration of CDI. While the researcher was conducting the 




The posttreatment CDI provided a view of the child’s spoken vocabulary growth during the 
period in which the study took place. The pretreatment and posttreatment administration of the 
CDI spanned a 6- to 7-month period.  
Procedural Fidelity  
Procedural fidelity was obtained for the researcher’s use of the treatment strategies in 
each session. Two additional undergraduate students majoring in Speech and Hearing Science 
were trained to collect fidelity data until they demonstrated 80% accuracy on two consecutive 
practice sessions while viewing the researcher interacting with a child who was not a participant 
in the present study.  
To determine procedural fidelity, the two students independently viewed video 
recordings of 25% of the baseline and treatment sessions that were randomly selected and the 
one maintenance session for each participant. They scored the researcher’s lack of use of the 
treatment strategies during baseline and maintenance or use of treatment strategies to elicit target 
words during treatment. They recorded their responses on a fidelity checklist (see Appendix J).  
Procedural fidelity for baseline and maintenance sessions was achieved if the researcher 
refrained from using the six treatment strategies intended to promote production of the target 
words (i.e., she only provided general, controlled linguistic input). When the researcher used a 
treatment strategy, it was considered a baseline violation of the protocol. An acceptable level of 
procedural fidelity was achieved if there were no violations in 80% of the sessions. Baseline and 
maintenance fidelity were calculated for all of the participants. Procedural fidelity was achieved 
for 83% of the sessions, where no violations occurred; and 92% of the sessions, where two or 




During the treatment phase, procedural fidelity occurred if the researcher used the six 
treatment strategies a prescribed number of times per session for 80% of the sessions: i.e., 
environmental arrangement used 3 to 5 times; and the five remaining strategies (model, mand- 
model, verbal model, visual model and/or cue, and tactile prompts), used 10 to 20 times.  Fidelity 
scores were calculated by dividing the number of sessions the researcher used the treatment 
strategy in the prescribed manner by the total number of treatment sessions. Treatment fidelity 
was met for 95% of the sessions. This high percentage would indicate a strong adherence to the 
study’s design protocol. Use of the required six treatment strategies is listed by participant (see 
Table 6). For each participant, treatment fidelity averaged at least 90% across the six strategies.  
Inter-rater reliability for coding treatment fidelity was obtained for 25% of the sessions 
coded by the two students. It was calculated by dividing the lowest number of agreements about 
the use of the strategies by the highest number of agreements, and multiplying by 100, to arrive 
at the reliability of the treatment fidelity, which was 91%.  
Social Validity 
At the maintenance session, the parents took an anonymous survey about the impact of 
the intervention program on their child’s spoken language abilities (see Appendix H). The parent 
survey consisted of six questions about the goals, procedures, and outcomes of the study as they 
pertained to the participant’s communication and speech production abilities. The parents 
answered each question based on a 5-point scale, with a score of 1 being strongly disagree to a 
score of 5 being strongly agree.  
The parents also participated in a semi-structured interview, lasting approximately 20 




I). The researcher explained the treatment strategies to the parents and revealed their child’s set 
of eight target words. Then she asked the parents four open-ended questions. The first three 
interview questions pertained to the goals, procedures, and outcomes of the treatment. The final 
question gave the parents an opportunity to share any additional comments.  
Data Analysis  
The session data were transcribed and scored for all of the participants’ spoken 
productions of the target words per session, during the baseline, treatment, and maintenance 
phases. The data were displayed for each participant as the total number of target word 
productions per session, across time.  Visual analysis of the data followed the guidelines of 
Kratochwill et al. (2013) to determine if a functional relation existed between the combined 






To answer the research question regarding a functional relation between a combined 
intervention program and the production of spoken words by children with ASD who are 
minimally verbal, production of the target words during each session was scored, graphed, and 
displayed in Figures 2, 3 and 4. Figure 2 depicts session data for all four of the participants and 
Figure 3 offers an enhanced view of Mark, David, and Avery’s session data. Each data point in 
the figure represents the total production score for a child by session. The x-axis represents each 
session and the y-axis represents the total production score (across all of the child’s attempted 
productions of the target words). The session data displayed in Figure 2 were further analyzed 
for the participant’s spontaneous and imitated productions of the target words, as well as 
vocalizations that were approximations of the target words (see Figure 4).  
Effectiveness of the Intervention Program 
Visual analysis of the graphed data is the primary method of analysis in single case 
design (SCD). There can be a horizontal analysis that examines the treatment effect across all 
phases for a single participant. Similarly, there can be a vertical analysis that compares the tiers 
of study from top to bottom of the graph. In this case, the tiers refer to the different participants 
whose spoken word productions are being examined for any impact of the intervention program.  
Using Kratochwill et al.’s (2013) guidelines for visual analysis, a functional relation between the 
independent and dependent variables exists when there are at least three demonstrations (e.g., 
three participants) that the independent variable had a basic effect on the dependent variable at 




participant). In other words, in order to conclude that a functional relation is present, there has to 
be a basic effect of the intervention program on the first participant’s scores and replication of 
the treatment effect by at least two other participants at two additional points in time.  First, 
however, through horizontal analysis, a determination is made regarding the existence of a basic 
effect. Then, through vertical analysis, a determination is made regarding replication of this basic 
effect by the subsequent participants at different points in time.  
Horizontal analysis. Each participant’s session data (i.e., total production score for 
target words) will now be reviewed. To meet standards, each phase must demonstrate a stable 
production of target words for five consecutive sessions (Kratochwill, et al., 2013).  To meet 
standards with reservations, the same criteria are true, but for only three to four sessions. A 
basic effect for a participant is determined by analyzing the data for six features of the outcome 
measure within each phase and across phases: (1) level of the treatment effect, (2) trend in the 
treatment effect, and (3) stability of or variability in of the treatment effect in all phases;           
(4) immediacy of the treatment effect, (5) overlap in performance between the baseline and 
treatment phases, and (6) consistency of the data across phases of the study. To clarify, stability 
of and variability in the level and trend of the data is analyzed within each phase.  Consistency 
refers to the pattern of change between similar conditions across phases, usually in an ABAB 
design; and therefore, it will not be discussed in the present study.  
Justin. Visual analysis of Justin’s session data, which is displayed in Figure 2, indicates 
that he had a stable baseline, with a production score at or near zero, for five sessions.  The level 
of his production score increased substantially at the onset of the treatment phase.  Justin’s 
production score remained well above his baseline level throughout the treatment phase, 




to 247 at its highest.  There appears to be an immediacy of the treatment effect with no overlap 
between phases. In addition, as can be seen in Figure 4, Justin demonstrated more spontaneous 
productions and imitated productions of the target words than vocalized productions during the 
treatment phase.  
Mark. Once Justin demonstrated a rise in his treatment performance over that in baseline 
(during his first three treatment sessions), the intervention was introduced to Mark. 
With tactile prompts (TP).  Visual analysis of Mark’s session data in Figures 2 and 3 
reveals a stable baseline, with production scores at or near zero for five sessions. This qualified 
him to enter treatment.  For the first five sessions of the treatment phase, his level of 
performance was in the low to mid-range. At first, he showed an upward trend that was 
noticeably above his baseline level. Nevertheless, at Session 14 he experienced a medical event 
(i.e., extensive oral surgery), which coincided with a steep downward trend in his performance. 
This rising, then falling trend resulted in a wide range of variability.  Although Mark showed an 
immediate response to the intervention program, he was not able to sustain the upward trend in 
his performance. Nevertheless, his production score overlapped with his baseline performance in 
only one session.   
Without tactile prompts (No TP).  After 11 treatment sessions, Mark appeared to be 
reacting negatively to the tactile prompts which were part of the treatment package.  The 
researcher noted that he was pulling away from her when she attempted to present the prompt.  
Consequently, the tactile prompts were discontinued for Mark after Session 20 (indicated as No 
TP in Figures 2 and 3, for the next 11 sessions). When tactile prompts were removed from his 




scores between 10 and 113. His performance gradually showed an upward trend. Due to the 
variability in Mark’s production scores and a performance dip at his last planned session, two 
extra treatment sessions were added to determine if his production score would resume an 
upward trend. Indeed, his production score peaked again in these two additional sessions.  Mark 
demonstrated a substantial latency in response to the treatment program: not consistently 
showing an upward trend until after Session 20, when the tactile prompts were discontinued. His 
production score approached overlap with his baseline performance in only one session. In 
addition, as can be seen in Figure 4, during the treatment phase, Mark produced approximately 
an equal number of spontaneous words and imitative words, but a higher number of vocalized 
approximations of the target words. 
David. Originally intended to be the first participant, David started with an apparently 
stable baseline production score of zero for session data and then entered treatment for two 
sessions.  (Although only two entries appear for session data in Figures 2 and 3, he actually had 
scores of zero on four picture-word probes at that point, a design feature that was later 
discontinued in favor of session data.) After two treatment sessions, his participation in the study 
was suspended for 2 weeks as a result of a ruptured tympanic membrane or eardrum (see Figures 
2 and 3), indicating a middle ear infection. The researcher was concerned that this might 
compromise his health, comfort, and hearing for a while.  Consequently, David became the third 
participant to enter treatment in the study, once Mark (the previous participant) had demonstrated 
a higher level of performance in his production of target words for 5 sessions of treatment, 
compared to baseline.  When David resumed participation, he was returned to the baseline 




Visual analysis of David’s session data reveals a relatively stable baseline, with 
production scores of zero, except for a slight elevation in his score during the last session of 
baseline.  He eventually exhibited an elevated level of performance and an upward trend in his 
session data during treatment, although considerable variability in his production score was 
noted, ranging from a score of 15 to 106. David demonstrated latency in response to the 
intervention program similar to Mark’s. Despite one earlier peak, he did not show a consistent 
and fairly high level of performance until Session 29. His data also approached overlap between 
the baseline and treatment phase for one session (namely, Session 14 in baseline and Session 18 
in treatment). In addition, as can be seen in Figure 4, David produced more imitative words than 
spontaneous words or vocalized approximations of the target words during the treatment phase.  
Avery. Once Mark had demonstrated a higher level of performance in his production of 
target words in treatment than in baseline, for five consecutive sessions, both the third and fourth 
participants (David and Avery) could be considered for entry into treatment. 
With tactile prompts (TP). Visual analysis of Avery’s session data in Figures 2 and 3 
reveals a stable production score of 0 for five sessions in baseline, thus qualifying him to enter 
treatment. During the treatment phase when tactile prompts (TP) were given (for the first five 
sessions), Avery’s level of performance was in the low range (with scores of 0 to 16), with a 
downward trend. As with Mark and David, a medical event coincided with a drop in Avery’s 
performance. He too had oral surgery, to remove his four top central incisors, leaving his gums 
swollen and probably painful. Avery also showed variability in his production scores. Although 
he exhibited an immediate response to treatment, he did not sustain this, and his treatment 
performance overlapped or approached overlap with baseline for two sessions with tactile 




Without tactile prompts (No TP).  As with Mark, after five sessions, Avery appeared to be 
reacting negatively to the tactile prompts which were part of the treatment package.  The 
researcher noted that he was turning his head away from her when she attempted to give the 
tactile prompt. Consequently, the tactile prompts were discontinued for Avery after Session 19 
(indicated as No TP in Figures 2 and 3, for the next 15 treatment sessions). Visual analysis of 
Avery’s session data reveals a level of performance in the low to midrange, with production 
scores between 0 and 45, signaling a slight upward trend in the data (see Figures 2 and 3). There 
was considerable variability in his performance with two peaks and two dips.  Once tactile 
prompts were discontinued, there was not an immediate effect of the treatment program on his 
production scores. There was an overlap of scores between the baseline and treatment phase, 
with a zero score in Session 20. In addition, as can be seen in Figure 4, Avery produced 
substantially more vocalized approximations of the target words than imitative or spontaneous 
productions during the treatment phase. 
Vertical analysis. The participants’ performance in baseline was similar in that their 
production scores were near zero; however, their performance in treatment differed. Whereas, 
Justin demonstrated a large increase in his production score, Mark and David demonstrated 
modest increases in their production scores, and the improvement in Avery’s production score 
was small.  
Maintenance 
In the maintenance session, the conditions returned to baseline, specifically general, 
controlled linguistic input was provided by the researcher and none of the six treatment strategies 




results for maintenance are displayed in Figures 2 and 3. Despite Justin’s considerably lower 
production score in the maintenance phase, he was still able to spontaneously produce the target 
words when the treatment strategies were withheld (i.e., his performance in maintenance was still 
higher than in baseline).  Mark’s production score of zero during the maintenance phase was 
comparable to his scores in the baseline phase, which ranged from 0-5. David’s production score 
of zero during the maintenance phase was also comparable to his production scores in baseline 
(e.g., he had a production score of zero in four out of the five sessions). Avery returned to his 
baseline production score of zero during the maintenance phase.   Mark, David, and Avery were 
unable to spontaneously produce the target words when the treatment strategies were withheld. 
Posttreatment CDI  
The pretreatment and posttreatment results obtained from parent report on the CDI are 
displayed in Table 8.  Scores are listed by the number of total words spontaneously produced in 
the home and community environments, net gain of words during the 6- to 7-month period from 
pretreatment to posttreatment, and average monthly gain of words.  All the participants increased 
their total number of spontaneously produced words on the CDI: Justin had a net gain of 156 
words; Mark had a net gain of 88 words; David had a net gain of 62 words; and Avery a net gain 
of 26 words. The participants’ net gain in spoken words was then divided by the period between 
the pretreatment and posttreatment assessment (e.g., 6 months for Justin, 5 months for Mark, and 
7 months for David and Avery), yielding the following average number of acquired words per 
month for each participant: Justin averaged 26 words; Mark averaged 18 words; David averaged 
9 words; and Avery averaged 4 words (see Table 8).  
Additionally, the spoken words on the posttreatment CDI for each participant were 




consonants gathered from portions of the VMPAC, CSBS DP Infant-Toddler Checklist, and 
NLS; See Table 2). Of the spoken vocabulary on the posttreatment CDI, the following percent of 
words contained a word-initial consonant from the child’s existing consonant inventory: 80% of 
Justin’s spoken words, 78% of Mark’s spoken words, 90% of David’s spoken words, and 38% of 
Avery's spoken words (see Table 8).  
Social Validity 
  Parent survey. At the maintenance session, the parents took an anonymous survey about 
the impact of the intervention program on their child’s spoken language abilities (see Appendix 
H). Results of the survey are displayed in Table 9. Overall, the parents thought that their children 
showed the most change in producing more words and in improved ability to imitate consonants 
and words, followed by producing more consonants and improved ability to communicate. The 
parents indicated that the participants demonstrated less change in being more attentive when 
playing or talking to other people and in making more attempts to interact with people. 
 Semi-structured interview.  The parent interview took place at the end of the 
maintenance session and was conducted by the researcher (see Appendix I). In single case 
design, social validity should address goals, procedures, and outcomes of treatment (Kazdin, 
2011). What follows is a description of the parents’ views of these three aspects of their child’s 
treatment. 
Justin. Justin’s mother served as the informant during the parent interview. His mother 
thought the goal of the intervention study, which was to improve spoken communication, was 
met. She noticed that not only did Justin understand more words, he also produced more words. 




conclusion of the study, Justin’s speech was more intelligible, and he could count to 16 and name 
the letters of the alphabet. She believed one positive outcome of the intervention study was a 
rapid expansion of his spoken vocabulary. This vocabulary expansion began during his first 
month of the treatment phase. Another outcome noted by his mother was an increase in Justin’s 
imitation of words, as opposed to using distress signals (such as screaming and other 
vocalizations) to communicate. At the conclusion of the study, Justin’s mother noted that he 
interacted more with his siblings during play. Her opinion was that once Justin had a means to 
verbally communicate, he was more interested in playing and interacting with people. She 
noticed that Justin was more socially aware and tried to gain the attention of people by looking at 
them or going over to the person. His mother’s final comment was that parent training to carry 
over the techniques at home would have been helpful. 
 Mark. Mark’s mother and father acted as informants. They believed the goal of the 
intervention study was met in that Mark was saying more words, naming more objects, repeating 
full sentences, and attempting to verbally regulate the behaviors of people. They felt as if the 
treatment strategies (i.e., procedure) were helpful. Since the month in which Mark began the 
treatment phase, he demonstrated a desire to communicate.  He was imitating more words and 
somewhat was more focused during the communication exchange. Mark’s parents still saw him 
become frustrated when he could not be understood. They thought that one positive outcome of 
the study was an increase in his production of words and fewer occurrences of distress 
vocalizations when attempting to communicate; however, Mark still screamed to communicate 
when the situation was urgent. By the end of the treatment phase, his parents reported that Mark 
was also producing some two-word phrases. They indicated his speech intelligibility had 




was a combination of the speech-language therapy he received at school and the therapy he 
received as part of this study that led to his improved communication abilities. 
 David. David’s mother served as the informant in the interview. She believed the goal of 
the program was met because David demonstrated increased verbal imitation and consistent 
spontaneous production of words. They felt as if the treatment strategies (i.e., procedure) were 
helpful. David had an increase in his purposeful use of words as opposed to the use of scripted 
phrases. One positive outcome from the study was that he produced more spoken words and 
demonstrated an increase in his desire to communicate. He attempted to gain another person’s 
attention by looking at him or her and commenting on something in the environment. His mother 
also noticed an increase in eye contact with her, as well as David’s father. She stated that he still 
had difficulty communicating his personal needs, however. Her final thoughts about the study 
were that it would have been helpful for her to have one-on-one time with the researcher, so that 
she could learn the treatment techniques. 
 Avery. Avery’s mother served as the informant during the parent interview. She thought 
the goal of the study was met in that Avery produced word approximations more frequently and 
more consistently. His mother spoke favorably about the NTS and SPS strategies (i.e., 
procedure). The mother spoke as if she were familiar with NTS, indicating that she already used 
them at home prior to the study as part of her regular interactions with Avery. She also reported 
that she already used the SPS strategy of providing a visual cue or model at home. His mother 
stated that since the study began, Avery had been intently looking at himself in the mirror. His 
mother indicated she was encouraged by the outcome of the intervention study because Avery 
now had an increased desire to communicate, substantially improved verbal imitation abilities, 




the study, she believed he was more willing to interact with people and tried to gain the attention 
of people so that he could communicate with them.  Nevertheless, she believed that Avery still 
had much progress to make before he would have functional verbal communication.  
Treatment Strategies 
 The NTS and SPS comprised the combined intervention program, which was the 
independent variable. Although the results reported so far have pertained to the dependent 
variable, the frequency and occurrence of the strategies used during the treatment phase of the 
study is worth examining. To determine occurrences of the six strategies during the sessions, the 
data that were already tallied as part of treatment fidelity were further analyzed. The five 
sessions tallied for treatment fidelity for each participant were considered a representative 
sample of strategy use by the researcher in all the treatment sessions. The occurrences of each 
type of strategy used with each participant were summed across all treatment sessions for that 
participant (see Table 10).  
 Of the NTS, modeling and mand-model were used the most and environmental 
arrangement was used the least. The minimal occurrences of environmental arrangement per 
session would be expected because the procedures called for their use only three to five times per 
session, while modeling and mand-models were required 10-20 times per session. Environmental 
arrangement was used similarly across the four participants. Modeling and mand-modeling were 
used less with Justin than with Mark, David, and Avery.  Of the SPS, verbal models were used 
more often than the visual and tactile cues. Visual prompts were used less with Justin than with 
Mark, David, and Avery. Tactile prompts were used less with Mark and Avery than with Justin 
and David because the two boys did not tolerate the researcher touching their face and 




The children who produced more words, as reported on the posttreatment CDI, tended to 
have fewer treatment strategies delivered to them by the researcher (cf. Tables 8 and 10).  One 
exception is Mark and David. The number of strategies delivered to Mark and David is quite 
similar (within 5 strategies) even though their number of words on the posttreatment CDI is quite 
different.  Although all of the children received the number of strategies required by the 
treatment protocol, Justin, who produced the largest number of words on the posttreatment CDI, 
had the fewest number of treatment strategies delivered to him by the researcher. Conversely, 
Avery, who produced the fewest number of words, had the highest number of treatment 
strategies delivered to him by the researcher.  
 After considering the number of treatment strategies presented to each participant, the 
occurrences of the six strategies in each structured activity were then summed across the 
treatment sessions (see Table 11).  By activity, the largest number of strategies was used during 







It was the intent of this study to examine an approach to improve the production of 
spoken words for four children with ASD who are minimally verbal, by combining 
communication and speech production intervention programs. The research question asked if 
there was a functional relation between a combined intervention program and an increase in 
production of spoken words by children with ASD who are minimally verbal. 
Effectiveness of the Intervention Program  
Data from Justin’s graph met Kratochwill et al.’s (2013) standards of a basic effect of the 
intervention program on the production of spoken words. Whereas Justin demonstrated a 
substantial rise in his production score, Mark and David’s increase was only modest, and 
Avery’s increase was slight. Although Mark, David, and Avery demonstrated an increase in their 
production of the target words during the treatment phase, the increases were gradual, and 
demonstrated a wide range of variability. Therefore, these changes could not be attributed to the 
effects of the treatment program with any certainty. Since there was a demonstration of the basic 
effect for only one of the four participants, support was not found for a functional relation 
between the dependent and independent variable. In other words, the researcher was not able to 
confirm the hypothesis that children with ASD who were minimally verbal would demonstrate 
an increase in their production score on a set of spoken words when exposed to a combined 
intervention program targeting communication and speech production abilities. 
Although the study fell short of demonstrating a functional relation between the 




observations regarding these four participants’ spoken language. These observations appear to 
offer promising leads for future, better controlled single-case investigations. All of the 
participants improved their production of the target words, which were new to their spoken 
vocabulary during the treatment phase in which communication and speech production strategies 
were implemented.  
The participants’ performance (i.e., their production scores) reflected both an increase in 
volubility, or frequency of production (Nathani, Oller, & Neal, 2007) and pronunciation ability, 
or degree of accuracy, which are important factors when measuring vocabulary gains. In the 
present study, recall that a spontaneous or imitated production required at least 50% of the 
word’s phonemes to be correct. As the treatment phase progressed, Justin produced the target 
words (both spontaneous and imitative) more frequently as well as producing more of the target 
word’s phonemes correctly, which resulted in the highest production score of the four 
participants. Mark had an equal number of spontaneous and imitated productions of the target 
words, with a slightly higher number of vocalized attempts. David produced a higher number of 
imitated target words than spontaneous words or vocalized attempts at the target words. On the 
other hand, Avery produced very few target words (either spontaneous or imitative) and mostly 
produced imprecise vocalized attempts of the target words, which resulted in the lowest score of 
the four participants.   
In the present study, all four children tolerated focused attention on auditory and visual 
models of the target words embedded in meaningful activities, which often encouraged imitation, 
when the words were selected to take advantage of consonants familiar to the child.  All of the 
children eventually made some gains in word learning, while they were engaged in SPS. 




to word learning (ASHA, 2016; Horner & Minifie, 2011).  Therefore, further exploration of 
whether these strategies might support and enhance word learning seems warranted. There are 
certainly gaps that exist between current knowledge about learning, language development, and 
clinical practice (Kahmi, 2014).  Researchers are tasked with discovering evidence-based 
practices that improve both communication and speech production aspects of spoken 
communication in children with ASD who are minimally verbal.  
Any increase in production of the target words is impressive, given the extremely limited 
number of spoken words each participant exhibited at the onset of the present study, their age, 
and the medical events that three out of the four participants experienced during the treatment 
phase. This sentiment is echoed by other researchers who have performed treatment studies to 
improve spoken language in children with ASD, and who noted no increase or a minimal 
increase in production of spoken words during experimental treatments (Brady et al., 2015; Paul 
et al., 2013; Rogers et al., 2006; Tsiouri et al., 2012). Nonetheless, the increase in the children’s 
production scores for the target words may have occurred because of other, external factors such 
as maturation, other educational programming, or additional speech therapy that the participants 
were receiving during the time of the study. 
The treatment phase was a change over the naturalistic baseline phase because in the 
baseline phase, the researcher did not model the target words and did not require the child to 
imitate her. A number of clinical theorists and investigators have posited that children who have 
not acquired spoken language through natural social interactions involving imitation, it may 
imply that additional strategies are needed for these children to learn language (Connell, Fey & 
Proctor-Williams, 2000; Smith, Eikeseth, Sallows, & Graupner, 2009). In the present study, the 




words, beyond what would naturally occur, coincided with an increase in the participants’ 
spoken production of the target words. Then, in maintenance, once the treatment strategies were 
withheld, the participants were unable to spontaneously produce the words. The children’s 
dramatic drop in production of the target words might point to the continued need of using 
strategies to support their spoken communication.   
The present study followed the tenets set forth by Paul et al. (2013), by focusing attention 
on speech production to resolve the lack of verbal imitation and limited spoken language by 
children with ASD. It is the opinion of this researcher that children with ASD would benefit 
from intervention to improve the motor aspects that contribute to spoken language as much as 
they would benefit from intervention to develop the cognitive-social and linguistics aspects of 
communication. As such, an intervention program that might simultaneously target isolated 
speech movements to produce a word and the functional use of the word in a natural 
environment may yet be found to be effective. This would involve a combination of NDBI 
strategies to elicit functional use of a word and DTT, in the form of speech practice, to elicit 
correct production of a word, which was the approach taken in the present study. 
One should also consider the conditions during baseline compared to the conditions 
during treatment when making observations about the results of the present study. Specifically, 
the examiner’s communication practices shifted substantially between baseline and 
intervention—from being a more passive responder to being a more fully engaged and proactive 
communication partner. This general shift may have contributed to observed treatment effects 
more than any specified set of strategies. On a related note, there was a lack of “standardized 
opportunities” to produce the target words (i.e., the dependent variable) across all phases of the 




target words were not modeled in the baseline and maintenance phases. Therefore, during the 
baseline and maintenance phases, there was no opportunity to imitate the target words, even 
though during the treatment phase, points were awarded for utterances that were imitated. The 
original design of the study called for administration of picture-book probes of the target and 
generalization words at the end of each session. Using the picture-book probes would have 
standardized the number of opportunities to produce the target words in all phases of the study. 
Unfortunately, the participants demonstrated behavioral dissent to the administration of the 
picture-book probes. Therefore, the picture-book probes were discontinued for ethical reasons 
and to avoid the frequent behavior problems that occurred while attempting to administer these 
probes. The impact of transcribing and scoring the session data as an alternate way to measure 
the dependent variable will be further explored in the Limitations section in this chapter on p. 84. 
Maintenance 
Justin was the only participant who spontaneously produced the target words in the 
maintenance phase. Nonetheless, he had a substantially lower production score than he received 
during the treatment phase. Although Mark, David, and Avery improved their production of the 
target words during treatment, they were unable to spontaneously produce these words during the 
maintenance phase, in which the treatment strategies were withheld.  
Some reasons for poor maintenance of the target words 1 month after treatment ended 
could be the same problems as those reported by Rogers and her colleagues (2006) in their study 
of spoken word production in children with ASD who were minimally verbal. These researchers 
theorized that a decreased number of spontaneous productions may have been due to 




sessions) to promote generalization and maintenance, and failure to build into the treatment 
model the use of different settings and people that would help with maintenance and 
generalization of the target words. Also, the researchers theorized that the participants’ 
spontaneous spoken language was not developed enough to establish use of the target words 
without the aid of the treatment strategies (Rogers et al., 2006).   
The present study may benefit from the interpretations of Rogers and colleagues (2006). 
First, in the present study, there may not have been enough treatment sessions to promote 
generalization and maintenance. The 20 sessions in the treatment phase (22 sessions for Mark) in 
which the target words were taught may not have been enough time for Mark, David, and Avery 
to learn the target words. They may have had poor memory and lexical retrieval of the target 
words, prohibiting retrieving them 1 month later, during the maintenance session. Since the 
children in the present study apparently comprehended the target words, as measured by the 
pretreatment CDI, perhaps their production problems had to do with a link between phonological 
information and word-finding difficulties (McGregor, 1994).  In McGregor’s treatment study, 
she found it efficacious to infuse phonological information into the word-finding treatments of 
two children. The researcher posited that there are “children whose word-finding problems have 
some phonological basis and word-finding problems may involve deficient mapping of or access 
to phonological representations” (McGregor et al., 1994, p. 1391). Since children with ASD who 
are minimally verbal do not readily retrieve spoken words, the concept of McGregor’s theory 
might be applicable to this clinical population. 
Second, treatment procedures to promote generalization of the target words were not built 
into the present study. The procedure required that the target words would be taught in the 




completed.  Therefore, the participants had few opportunities to practice the target words outside 
of the treatment sessions. Research has shown that frequency of exposure to new words has an 
immediate effect on semantic learning (McGregor, Sheng, & Ball, 2007). If the target words had 
been taught in the home environment as well (i.e., generalizing their use outside of the treatment 
sessions), there may have been more spontaneous productions of the target words in the 
maintenance session.  
Third, in the present study, the participants’ spontaneous spoken language may not have 
been developed enough to use the target words without the aid of the treatment strategies. The 
participants may have experienced a prolonged lag time between taking target words from their 
comprehension vocabulary and adding them to their production vocabulary. During the first 50-
word phase of lexical acquisition in neurotypical development, which spans a 4- to 13-month 
period, production of a word typically lags approximately 5 months behind comprehension of a 
new word (Nelson, 1974). It may be the case that the lag time between comprehension and 
production was even longer for Mark, David and Avery; therefore, they were unable to produce 
the target words without explicit instruction and supports. More treatment sessions and greater 
exposure to target words should be considered in future research. 
Language Acquisition and Phonological Abilities of the Participants 
One contribution of the present study was that the researcher was able to observe the 
participants’ communication development over a 6- to 7-month period. It is novel to view 
children with ASD who are minimally verbal as being in the first 50 spoken-word stage of 
development, and therefore, to compare their lexical and phonological development to that of 




child’s increase in spoken vocabulary, their average monthly word gain, and the percent of their 
newly acquired words that began with word-initial consonants from their existing consonant 
repertoire at the onset of the study.  
 The participants’ trajectory for learning the target words appeared to coincide with their 
net gains on the posttreatment CDI. Justin, who had the highest production score during the 
treatment phase, also had the largest net gain of new words on the posttreatment CDI. 
Conversely, Avery, who had the lowest production score, had the smallest net gain of words. 
This is an interesting phenomenon that warrants further investigation. Nevertheless, even after 
the treatment phase, all of the participants still had extremely depressed lexicons.  
Likewise, a comparison can be made between younger, neurotypical children and the 
participants’ average number of words gained per month. Recall that children with neurotypical 
language development learn between 9 to 11 new words per month during the acquisition of their 
first 50 spoken words (Benedict, 1979; Fenson et al., 1994; Nelson, 1974). Justin and Mark 
exceeded that average, indicating that perhaps they were in an accelerated growth period.  
David’s monthly gain fell within the average range, possibly indicative of adequate growth. 
Avery’s monthly gain was less than half the average rate, indicating extremely slow growth in 
his spoken vocabulary. 
Next, the percent of newly acquired words that began with word-initial consonants from 
each child’s existing consonant repertoire was examined. Over 75% of Justin, Mark, and David’s 
newly learned words contained existing consonants; whereas, less than 40% of Avery’s new 
words incorporated existing consonants. It would appear that Justin, Mark, and David followed 




consonant repertoire at the onset of the study than Avery. Over time, these participants with ASD 
who were minimally verbal were producing more of the target word’s phonemes correctly, as 
evidenced by their higher production scores as the treatment phase progressed. These results may 
lend support to applying Stoel-Gammon’s theory for young neurotypical children to spoken 
language development of children with ASD. She states that in neurotypical development, “the 
phonological system affects lexical acquisition to a greater degree than lexical factors affect 
phonological development” (Stoel-Gammon, 2011, p. 27). Additionally, she postulates that the 
larger a child’s consonant inventory, the larger will be the child’s lexicon.  
Avery’s lexical acquisition and phonological development illustrate the interaction of the 
two domains. He had limited phonatory control (i.e., the ability to imitate a voiced and voiceless 
phoneme), which is a foundation for speech production (Hayden, 1984) and develops in the first 
year of life (Oller, 2000).  Additionally, he produced a limited number of consonants and did not 
produce any CV syllables. Even though he could comprehend words, Avery displayed a limited 
spoken vocabulary which was commensurate with his limited phonological abilities, and 
“confirms the foundational role of prelinguistic development in early lexical and phonological 
development” (Stoel-Gammon, 2011, p. 27). 
Social Validity 
According to the results of the parent survey and the semi-structured interview, by the 
end of the intervention study, the parents’ perception was that their children had indeed 
improved their spoken communication abilities. The parents believed that the goals of the study 
were met because they perceived their child had improved his production of phonemes and was 




child’s spoken communication had improved and that the intervention study had contributed to 
that improvement.  Furthermore, the parents suggested that training in the use of the treatment 
strategies would have been helpful, so that they could use the strategies to improve their child’s 
spoken language in the home environment (and their own communication with their child). 
Overall, the parents believed the outcome of the study was favorable. Three of the four parents 
observed that their child displayed a desire to communicate with people that had not been present 
before the study, and that their child made a deliberate attempt to gain the attention of others. 
Two of the four parents noted that their child imitated more words and used distress 
vocalizations less often.  
There may be two explanations for the positive outcomes reported by the parents. First, 
the children actually improved their overall communication and speech production abilities, 
either as a direct result of the treatment strategies and/or due to collateral gains in the 
intervention program (Rogers et al., 2006). The NTS incorporated environmental arrangement 
(which was used to promote initiation of a communicative act by the child), modeling, and 
mand-modeling. The latter two strategies incorporated joint attention and imitation. The children 
in the present study may have improved their communicative intent, joint attention, and verbal 
imitation abilities as a result of being exposed to the treatment strategies, which may have then 
led to a generalized improvement in overall communication abilities. Similarly, the SPS 
incorporated verbal, visual, and tactile cues, which may then have raised the children’s levels of 
sensory awareness and feedback during speech production or encouraged imitation, resulting in a 
generalized improvement in their speech production. 
A second explanation for the positive outcomes could have been related to a “halo” effect 




communication abilities may have influenced the parents’ overall positive impression of the 
intervention study and therefore, their desire to attribute their children’s lexical gains to the 
treatment strategies used in the study (Standing, 2004). The parents believed their children’s 
spoken communication had improved, however, improved spoken language due to the treatment 
was not substantiated by the findings of the present study. 
Treatment Strategies 
Overall, the NTS were easier to implement than the SPS, one reason being that NTS are 
easily incorporated into natural environments (Hancock & Kaiser, 2002; Prizant, Wetherby, & 
Rydell, 2000; Schreibman et al., 2015). The researcher observed that NTS required less attention 
and effort on the part of the participants and could be delivered without interrupting the 
interaction between the researcher and the child. The SPS, on the other hand, required a more 
concentrated effort by the researcher and participant. They had to stop what they were doing 
while the strategy was implemented. Due to the naturalness of the activities, book sharing and 
pretend play were the activities in which the largest number of treatment strategies was delivered 
to the participant.  
 Regarding the use of the treatment strategies with each child, they received the minimum 
number of strategies required by the treatment protocol, as evidenced by the high rate of 
procedural fidelity. Beyond the specified dosage of treatment strategies, it appeared that the more 
words a child produced, the less the researcher provided the treatment strategies. This 
phenomenon may have occurred for two reasons. First, the more independent the child was as a 
communicator, the less the researcher felt the need to provide the treatment strategies. Second, 
the researcher may have used fewer treatment strategies, if they were not needed, because 




discussion has focused on interpretation of the results pertaining to the dependent and 
independent variable. What follows is an examination of how the overall study relates to 
intervention programs for children with ASD who are minimally verbal.  
A Framework for Spoken Language Acquisition for Children with ASD 
The participants’ speech and language abilities demonstrated characteristics described in 
the phases of the Framework for Spoken Language Acquisition by Children with ASD (Tager-
Flusberg et al., 2009). For a description of the Framework, see Chapter 2, pp. 11-13. Justin, 
Mark, and David were functioning in Phase 3 of the Framework (Word Combinations), because 
they met the phonological, lexical, and grammatical benchmark abilities for that phase, which 
were: produces 8 to 18 consonants; produces 10 to 50 spoken words, and produces some two-
word and three-word phrases. In contrast, Avery was functioning between Phase 1 (Preverbal 
Communication) and Phase 2 (First Words) of the Framework because he exhibited one 
benchmark ability in Phase 1 (e.g., not produce true words) and a benchmark ability in Phase 2 
(e.g., produces 2 to 8 consonants). Avery demonstrated poorer speech production abilities 
compared to the other participants and had the poorest performance during the treatment phase.  
His communication and speech production abilities did not appear as developed and ready to 
benefit from the combined intervention program as the other participants. The present study 
highlights the value of Tager-Flusberg and colleagues’ Framework. By determining in which 
phase a child is functioning, a speech-language pathologist can then determine which speech and 
language abilities to target in an intervention program to improve speech production.  
Goodness of Fit of the Intervention Program 




ASD, their families, and their intervention program. The researcher hypothesizes that the 
combined intervention program may have been more beneficial for Justin, Mark, and David than 
for Avery, perhaps because their communication abilities were more advanced than his. 
Furthermore, even though the first three participants had comparable speech and language 
abilities, as measured during the pretreatment assessment, their reactions to the intervention 
program were different. One pretreatment assessment score that was different among the four 
participants was the number of spoken words produced on the pretreatment CDI. This factor 
appeared to coincide with performance during the treatment phase: David and Avery, who had 
fewer spoken words than Justin and Mark, demonstrated less improvement during the treatment 
phase. Thus, initial size of spoken vocabulary could be an important factor in the selection and 
timing of treatment.  
The different responses of these four participants to the same treatment approach 
highlights the importance of selecting the best intervention program for a child based on 
assessment results, social/medical history, parent input, and clinical observations (Ogletree et al., 
2007). For example, perhaps Avery’s speech and language abilities were not developed enough 
to fully benefit from the intervention program. Also, Mark and Avery did not appear to tolerate 
one of the treatment strategies, tactile prompts, so these were discontinued for the two boys. It 
may be the case that some children flourish in response to one intervention program, whereas, 
others respond better to another program (Yoder & Stone, 2006). In planning and implementing 
an intervention program, it would appear to be prudent for speech-language pathologists and 
interventionists to try different intervention programs, to find the intervention approach or 
combination of approaches that may be most beneficial for a particular child with ASD who is 




Preferred Communication Partner 
The present study highlighted the crucial need of the researcher to facilitate a successful 
communication exchange with the participants. The researcher is an experienced clinician with 
training in the tactile cueing system for speech production, PROMPT, and knowledge of various 
models of treatment (i.e., medical, behavioral, and sociocultural), which allowed her to skillfully 
offer treatment to the participants in this study. The participants’ various developmental levels 
required a thorough knowledge of these treatment techniques and models. Throughout the study, 
the researcher appeared to become a preferred communication partner for the participants.  
The concept of preferred communication partners has been used with persons who have 
suffered a cardiovascular stroke (Simmons-Mackie, Ramer, Armstrong, Holland, & Cherney, 
2010). Family members and friends can be trained to use supports and strategies that enhance the 
communication of the affected person.  This concept can be applied to other clinical populations, 
such as children with ASD. In the present study, the researcher was able to anticipate the 
children’s responses in the communication exchange and aid them in moving to the next level of 
the communication process. Establishing rapport and becoming a preferred communication 
partner seemed crucial to the researcher being able to use the NTS and SPS.  
The need to train parents to be more effective communication partners with their children 
who are diagnosed with ASD has been proposed in the literature (Kaiser & Roberts, 2013). 
Children with ASD who are minimally verbal often have difficulty learning speech and language 
or are not responsive to adult-directed speech. The child’s communication challenges can disrupt 
the communication process, making it frustrating for both communication partners. Parents can 




communication partners for their children, making the communication process more enriching 
for both the children and their parents (Kaiser & Roberts, 2013). In this modified role, described 
by Kaiser and Roberts (2013), the parent acts as a preferred communication partner. The NTS 
and SPS may become a continuing essential part of communication between the child and the 
preferred communication partner, rather than just a short-lived means to an end during clinical 
intervention.  
A Continuum of Communication 
The theory underlying language development in neurotypical children is that they will 
eventually become competent communicators. In other words, at some point in their 
development, they will no longer need strategies to help elicit a particular language structure or 
word.  This approach assumes unidirectional communication performed by an independent 
communicator. The data from the present study indicated that the participants could not sustain 
production of the target words when treatment strategies were removed in the maintenance 
phase, and therefore, they would not be considered independent communicators. The researcher 
hypothesizes that as she increased supports and strategies to become a preferred communication 
partner, the communication process became bi-directional. The researcher was no longer just a 
passive listener: she became a communication partner who co-constructed the meaning of the 
message. 
There appears to be a paradigm shift in society regarding persons with ASD. The shift 
seems to be moving away from viewing ASD through a deficit model to viewing ASD through a 
model of neurodiversity (Robertson, 2010; Schalock, 2000). This model describes the neurology 
and personal traits of people diagnosed with autism through the lens of human diversity 




strengths and weaknesses. Just as society accommodates people who are culturally diverse, 
according to this theory, people with autism would be treated with the same considerations. In 
fact, one national autism advocacy organization, Autism Speaks, has updated its agenda to no 
longer seeking a “cure” for Autism (Diament, 2016). The organization is now dedicated to 
improving the lives of individuals with ASD, and finding solutions to their needs and the needs 
of their families. 
An alternate view that can be applied to communication exchanges between children with 
ASD and their partners is distributed communication.  It maintains that communication resources 
and practices are “distributed” or spread across the speaker and the listener in the context of 
everyday interactions (Hengst, 2015) and stems from the sociocultural theory of language 
(Vygotsky, 1978). In the sociocultural theory of language, language development is shaped by 
social interactions, and involves an exchange between two people. The responsibility of 
communicative competence is shared by both the speaker and the listener.  In distributed 
communication, both partners have a shared responsibility to ensure the communication 
exchange is successful (Hengst, 2015; Paul, 2007).  Both communication partners have to adjust 
their communication style to meet the needs of the existing situation. 
At one end of the continuum would be children who were not competent communicators. 
Family members and friends could be trained to become preferred communication partners and 
use NTS, SPS, and their supports to enhance the communication of the affected person, should 
future research reveal that programs that incorporate such strategies are effective.  A preferred 
communication partner might use strategies and supports with a minimally verbal child in order 
to complete a successful communication exchange. At the other end of the continuum, more 




word or expressing a concept verbally, the preferred communication partner might reduce the 
strategies and supports associated with that word or concept when communicating with the child.   
Children with ASD who are minimally verbal may well need preferred communication 
partners who share more of the responsibility for the communication exchange while they (the 
children) acquire spoken communication.  An example of one end of this continuum is the use of 
the treatment strategies investigated in the present study.  During the treatment phase, the 
researcher shared the responsibility of communication by providing the children support and 
cues to produce the spoken words. Coincidental with this, the children were able to verbalize and 
successfully complete the communication process. When the treatment strategies were removed 
(as in the maintenance phase), the responsibility of verbalizing became the sole responsibility of 
the child, often resulting in an incomplete communication exchange. 
Clinical Implications of the Study 
This study focused on a combined intervention program for children with ASD who were 
minimally verbal; therefore, it holds specific clinical implications for speech-language 
pathologists who work with this clinical population. First, it is this researcher’s conclusion that 
there should be a more deliberate and continued effort to elicit speech production while targeting 
lexical acquisition when a child with ASD is minimally verbal. Except for tactile prompts, all of 
the children tolerated the SPS as part of the intervention package. All of the children showed 
some behavioral change that co-occurred with the treatment phase. There is still the possibility 
that the SPS contributed to the change. Since phonological development has a substantial 
influence on the spoken words that children add to their lexicon, a speech-language pathologist 




acquisition.  McGregor (1994) found that by using phonological information in conjunction with 
tasks targeting word storage and retrieval of target words, not only was there improvement in the 
participants’ phonological abilities, but also in their word-finding abilities for the target words. 
It is the researcher’s opinion that children with ASD who are minimally verbal would 
benefit from being assessed and treated for weaknesses in their oral motor planning abilities 
required for speech sound production (Adams, 1998; Bhat, Galloway, & Landa, 2011; 
Gernsbacher et al., 2008; Plumb & Wetherby, 2013; Rogers et al., 2006). Speech requires 
volitional control of the speech systems such as respiration, phonation, resonation, and 
articulation (Hayden, 1984; Stoel-Gammon, 2011). These abilities include phonatory control, 
imitation of isolated phonemes, and production of canonical syllables (Hayden, 1984; Oller, 
2000; Stoel-Gammon, 2011). Children with ASD may produce prelinguistic vocalizations and 
echolalia, but they may not have volitional verbal control necessary to imitate or spontaneously 
produce true words (Adams, 1998; Bhat, Galloway, & Landa, 2011; Gernsbacher et al., 2008). 
The present study supports the notion that attention could be focused more on what occurs 
vocally prior to children with ASD producing their first recognizable words.    
As children with ASD approach kindergarten age, speech production is often abandoned 
for an augmentative and alternative communication (AAC) approach (Paul et al., 2013). Since 
children with ASD have delayed development in spoken language (i.e., acquisition of spoken 
words and phrases), it is assumed they would most likely be delayed in their speech production 
abilities as well. Paul and colleagues (2013) advocated for resolving the lack of verbal imitation 
and speech production by providing treatment to focus attention on speech production. Such 




would aid children with ASD who are minimally verbal in understanding the relationship 
between spoken words and their referents.  
Second, various forms of parent training are highly recommended so that parents can 
provided generalized opportunities for their child to benefit from communication strategies at 
home. During the semi-structured interviews in the present study, parents requested home 
programs and parent training. There are several programs that provide parent training in the use 
of natural developmental behavioral interventions (NDBI) in the home environment (Kaiser, 
Hancock, & Nietfeld, 2000; Kaiser, 2012; Kasari et al., 2014; Meadan et al., 2010; Paul et al., 
2013), which focus on social communication and language development.  Similarly, parents can 
be trained to implement speech production strategies (SPS), such as verbal, visual, and some 
tactile stimulation techniques at home as well. To the researcher’s knowledge, studies of parent 
training in SPS have yet to be reported in the literature.  
Limitations of the Study    
There were limitations to the present study that included participant recruitment and 
health issues of the participants and implementation decisions made during the study. The effect 
that these limitations had on experimental control during the study will be discussed.  
Limitations relating to the participants. There were two limitations relating to the 
participants. First, due to difficulty recruiting participants, it was necessary to accept the fourth 
participant, Avery, who did not meet all of the speech production inclusionary criteria.  He did 
not make as much progress as the other participants, perhaps due to his limited abilities at the 
onset of the study. Second, Mark, David, and Avery were subject to many health and behavioral 




underwent extensive oral surgery and may have been in pain for some time afterwards as their 
mouths and jaws were healing. David experienced a ruptured tympanic membrane (eardrum), 
which not only caused pain, but also may have affected his hearing acuity. The speech 
production of all three boys appeared lower on days when they were not feeling well or were not 
rested.  It was difficult to discern during those sessions in which the participants were irritable 
whether they could not or did not want to produce the target words. The one participant (Justin) 
who appeared consistently healthy and amenable to the activities demonstrated the largest 
amount of improvement. Overall, health and environmental factors should be given serious 
consideration in future studies. 
Limitations relating to implementation decisions during the study. There were seven 
limitations related to the original design and design changes. First, Mark, David, and Avery did 
not tolerate the use of three sets of stimulus words during the picture-book probes at the end of 
each session. Even though the researcher attempted to measure generalization of the treatment 
effect by choosing proximal and distal generalization words, there seemed to be too many words 
depicted in the 24-picture probe books. Mark, David, and Avery appeared to lose interest in the 
picture-probe books and behavior management became an issue while attempting to administer 
the probes.  
Second, the baseline was prolonged to establish stable production of the target and 
generalization words. Some of the participants spoke more words than reported by their parents 
on the CDI, and some of them had larger consonant repertoires than observed during the NLS. 
During baseline, the participants would sometimes produce the target and generalization words 
selected for the study, which necessitated changing their target words until a stable baseline 




diminished the novelty of the sessions and resulted in the children’s habituation to the task, thus 
decreasing the participants’ interest and engagement during the treatment sessions.  
Third, measurement of the dependent variable was changed from using picture-probe 
data, which was scored with a 3-point scoring hierarchy, to using session data, which was scored 
with a 5-point scoring hierarchy. The picture-book probes would have provided clear 
experimental control by standardizing the number of opportunities to produce the target words in 
all phases of the study. In addition, changing the measurement method during the study was 
problematic because some of the baseline sessions consisted of only probe data, in accordance 
with multiple-probe design. Therefore, those sessions could not be analyzed for session data. 
Also, the production scores for the picture-book probe data were different than those obtained 
from the session data due to the difference in their scoring hierarchy and the varied opportunities 
to use the target words.  
Fourth, the use of one treatment strategy, tactile prompts, was discontinued with Mark 
and Avery. The two boys did not appear to tolerate the tactile prompts, which were one of the 
three speech production strategies. The boys would wince when the researcher put her hands on 
their faces or turn their faces away from the researcher when she attempted to deliver the tactile 
prompts. The effect the tactile prompts might have had on the two boys’ production scores is 
uncertain. Also, comparison between their data and the data of Justin and David may have been 
skewed because Mark and Avery did not receive the entire intervention program. 
The conditions of the baseline session could be considered a fifth limitation of the study. 
During baseline, the child took the lead in play, and the researcher refrained from speaking the 




During treatment, the researcher took the lead in conversation, using the treatment strategies to 
elicit multiple productions of the target words. While the conversation in baseline was not 
unnatural, it was not as rich and stimulating as the conversation that took place in treatment. The 
baseline protocol did allow the researcher to speak, using nontarget words and general words in 
place of the target words. During baseline, the researcher was more of a passive responder than a 
proactive communication partner, which may not have allowed for separating the effect of the 
intervention strategies from the level of communicative interaction across phases.  
Sixth, Mark did not display a strong enough treatment effect to begin David and Avery in 
the treatment phase. Mark did demonstrate an improvement in his production score after four 
sessions, which only met standards with reservations, according to SCD standards (Kratochwill 
et al., 2013).  Even though his production score for the four treatment sessions was higher than 
his baseline score, his production score decreased during the fifth treatment session.  During 
Mark’s subsequent sessions, his production scores continued in a downward trend. The 
researcher made the decision to start the third and fourth participants (David and Avery) in 
treatment after Mark’s fourth session.   
In studying the data, experimental control would have been greater if Mark had continued 
in the treatment phase longer than four treatment sessions, to ensure a stable production score 
and response to the treatment strategies before starting the third and fourth participants in 
treatment. Due to time constraints, however, the researcher felt it was necessary to start David 
and Avery in the treatment phase, otherwise they might not have been able to complete the study 




Seventh, David did not demonstrate robust stability in his baseline data after the change 
from picture-book probes to session data was made. He was originally the first participant to 
begin treatment. After two treatment sessions, however, his participation in the study was 
suspended due to illness. Although he returned to the baseline condition when he resumed his 
participation in the study, it is uncertain if the previous exposure to the treatment strategies 
influenced his learning of the target words. During his last session in his second baseline, his 
production score increased enough that, under the same conditions as the other participants, he 
should have remained in the baseline phase longer to ensure stable baseline behavior. 
Nevertheless, he was started in the treatment phase instead of remaining in baseline, due to the 
same time constraints mentioned in the previous paragraph.  
Summary of the limitations. The researcher is aware of the limitations that these 
changes had on experimental control. Therefore, she does not claim to have conducted a 
treatment study that met all of the SCD standards for a multiple-probe experimental design. In 
light of the limited experimental control imposed by the logistics of the present study, the 
participants’ data should be viewed primarily as single case studies as opposed to a multiple-
probe design study (Tsiouri et al., 2012). Nevertheless, the researcher contends that the improved 
production of the target words during the treatment phase and the increase in the number of 
spoken words on the pretreatment and posttreatment CDI provide a promising lead for future 
research involving this combined communication intervention.  
Future Research  
Learning from the limitations of the present study, the researcher would proceed 




following modifications to the design of the study: (1) administration of picture-book probes, 
using only one set of target words in order to make the probe sets shorter and controlled for the 
number of opportunities to produce the target words; (2) determination the target words with 
each participant before starting the baseline sessions in order to shorten the baseline phase;      
(3) creation of  a baseline where the researcher often takes the lead, converses freely, and says 
words, though still not the target words, in order to make the researcher a more proactive 
communication partner; (4) and implementation of contingencies for participant nonresponsive 
due to health issues into the treatment design. For example, there might be criteria for 
discontinuing a session due to the participant’s mood or poor health. 
With experimental control established through the reinstatement of picture-book probes, 
a future study could delineate which of the six intervention strategies have the greatest effect on 
increasing spoken language of children with ASD. In the present study, the researcher observed 
that imitation appeared to be a critical strategy in the intervention program, but she did not have 
the empirical data to confirm her observations. Related to the treatment strategies is the 
naturalness of the baseline condition. If the researcher were more conversational, then perhaps 
there would be a sharper contrast between specific treatment strategies (e.g., modeling, 
prompting, etc.) and the more general effect of being with an engaged and proactive 
communicative partner. By attempting to pinpoint the most effective strategies, speech-language 
pathologists could have better direction when choosing from various treatment options. 
There are other intervention components that could be added to the current line of 
research. An example would be adding a parent training component to the combined intervention 
program. A parent training program might prove integral to the success of the intervention 




implement treatment strategies at home, they could be trained to be preferred communication 
partners to their children. The child with ASD who is minimally verbal could benefit from 
communication supports by having more satisfying communication exchanges with those people 
in his or her environment. Also, the use of speech-generating devices could be added to the 
combined intervention program of the present study in order to foster acquisition of spoken 
language (Kasari et al., 2014; King, Hengst, & DeThorne, 2013). 
Finally, future research on the phonological development of children with ASD who are 
minimally verbal would be beneficial. Phonological development is well documented in 
neurotypical children. There have been a small number of studies in the past regarding 
phonological development and vocalization patterns of young children with ASD (Peppe et al., 
2007; Warren et al., 2010; Wetherby et al., 2004). It would be revealing to perform a 
longitudinal study using the automated Language Environment Analysis (LENA) system to 
analyze the lexical and phonological development of children with ASD who start out nonverbal 
and progress through the acquisition of their first 50 spoken words.  
Conclusions 
Even though it is well known that children who are minimally verbal have significant 
communication difficulties, the causes and treatments may be as varied as the children 
themselves. Yet, is it that children with ASD who are minimally verbal cannot communicate or 
that their communication patterns differ from what is considered typical? Children who have 
different communication patterns have messages that still need to be conveyed, which means that 
it is critical for educators, speech-language pathologists, and parents to participate in a more 




unilateral, independent communication, but rather, for successful bilateral communication, in 




Tables and Figures 
Table 1 
Participants’ Demographic and Descriptive Information 
Information Justin Mark David Avery 
 
Chronological Age 4;11 3;10 4;5 3;8 
Gender Male Male Male Male 
Race EA EA EA EA 













SS = 65 
 
36/57 
SS = 70 
 
25/57 
SS = 65 
 
34/57 












Media, PE tubes 
Born premature 














Therapies ST, OT ST, OT ST, OT ST, OT 
Use of AAC PECS PECS PECS PECS 
Hollingshead Indexc 45 19.5 61 17 
 
Note. The participants are listed from left to right by order of participation in the study. EA = European 
American; CSBS DP = Communication and Symbolic Behavior Scales Developmental Profile Infant-
Toddler checklist; SS = standard score; ID = intellectual disability; PE = pressure equalization;                
ST = speech-language therapy; OT = occupational therapy; AAC = augmentative and alternative 
communication; PECS = Picture Exchange Communication System. 
a = There is a possible link between the NRXN1 gene and ASD (Weizmann Institute of Science, 2016). 
b = Standard score based on norms for 24-month-old neurotypically developing children. 
c = Socioeconomic status was based on The Hollingshead Four-Factors Index (Hollingshead, 1975).  
The index is derived from a composite score of parents’ education, occupation, sex, and marital status.  





















1. Diagnosis of Autism 









2.Informal Hearing  






HL (both ears) 
Informal- 
pass 
3.Spoken vocabulary of  
    no more than 30   
    words (CDI) 
25 words 30 words 19 words 0 words 
Counted 1-10 
using vowels 
4.Visual Reception Age 
   (MSEL) 
24 months 27 months 27 months 24 months 
5. Receptive Language- 
    Age (MSEL) 
23 months 17 months 17 months 15 months 




Yes Yes No 
7. Production of two 
consonants (VMPAC, 









8. Production of CV 
syllables (VMPAC, 
CSBS DP, NLS)  















Note. The participants are listed from left to right in order of participation in the study. CARS-2 = The 
Childhood Autism Rating Scale-second edition; ADOS-2 = Autism Diagnostic Observational Scales-
second edition; GARS-2 = Gilliam Autism Rating Scale-second edition; dbHL = Decibels Hearing 
 Level; CDI = MacArthur-Bates CDI: Words and Gestures; MSEL = Mullen Scales of Early Learning; 
VMPAC=Verbal Motor Production Assessment for Children; CSBS DP = Communication and  
Symbolic Behavior Scales Development Profile Infant-Toddler Checklist; NLS = natural language  













5-Point Scoring Hierarchy for Production of Target Words (Session Data) 
Production Score Description 
Spontaneous 
Production 
   5 ▪At least 50% of the phonemes in the target word were 
 produced (1 consonant & 1 vowel from the original word)  
▪Sounds were produced in the correct order 
▪Produced either independently or within 3-5s after 
presentation of the picture during Speech Practice 



















       3 
 
▪At least 50% of the phonemes in the target word were 
 Produced (1 consonant & 1 vowel from the original word)  
▪Sounds were produced in the correct order 
▪Produced within 3-5s after a verbal model 
 
▪Can be imitated or spontaneous productions 
▪Canonical syllables that contain both a consonant and a 















   2 
 
 
   1 
 
    
 
       
    
 
    0                        
▪Can be imitative or spontaneous 
▪Recognizable consonant or vowel 
 
▪Uninterpretable production of a target word  
▪It may appear to refer to a different referent (i.e., towel  
 for hand) 
▪It may appear to be a different word in response to a  
 model of a target word  
 ▪It may be an uninterpretable scripted phrase in response    
to a model of a target word 
▪Any sound such as a squeal, raspberry, animal noise, car  
 sound, pitch glide, pharyngeal sound, or grunt 








Table 4   
Differences in Researcher-Participant Interactions During Baseline and Treatment Sessions 
   Activity                           Baseline Session                                              Treatment Session 
(1) Sensory 
      Play 
 
 
Researcher waited for the child to choose a 
sensory toy such as a light-up toy or 
vibrating ball. The researcher responded to 
the child’s communication attempts using 
nonspecific terms. The researcher did not 
give verbal praise or error correction. If the 
child did not initiate play, the research sat 
near him and played with him, responding 
to responded to any of his verbal 
interactions.   
 
Researcher used EA to pick and present a 
sensory toy to the child. Researcher used 
the MM strategy, and then played with the 
toy. The activity incorporated some of the 
target words. Researcher gave VM, 
VisM/C and TP to elicit the target words. 
She used verbal praise and error 
correction. 
 
(2) Gross   
     Motor/  
     Fine   
     Motor  
     Play 
 
Researcher waited for the child to choose a 
gross motor or fine motor activity such as 
rolling a ball back and forth, or doing a 
puzzle. The researcher responded to the 
child’s communication attempts using non-
specific terms. The researcher did not give 
verbal praise or error correction. If the 
child did not initiate play with the 
researcher, she sat near him and responded 
to any of his verbal interactions.  
 
Researcher supplied a puzzle that had 
missing pieces (EA). She used Mod or 
MM, naming the puzzle pieces and asking 
the child to repeat her. The puzzle pieces 
represented selected target words. She 
also gave VM, VisM, and TP. 
 
(3) Book   
      Reading 
 
 
Researcher waited for the child to pick up 
a book. The child turned the pages of the 
book. The researcher responded to the 
child’s communication attempts using non-
specific terms.  The researcher did not give 
verbal praise or error correction.  
Researcher used EA to pick and present a 
book to the child. The book contained 
selected target words. Researcher used 
Mod or the MM to elicit target words. 
Researcher gave VM, VisM/C and TP to 
elicit production of the word. 
 
(4) Pretend/ 
      Free Play 
 
 
Researcher played with the toy chosen by 
the child. Researcher only responded to the 
child’s communicative attempts using non-
specific terms. If the child did not initiate 
play with the researcher, she sat near him 
and responded to any of his verbal 
interactions.  
 
Researcher supplied a toy such as a farm 
that had missing pieces (EA). Researcher 
used Mod and the MM to elicit 
production of the target words. She used 
VM, VisM/C, verbal praise, & error 
correction. 
 
(5) Speech   
      Practice 
 
 
The activity was not presented in baseline. Researcher used Mod and the MM to 
elicit production of the target words. She 
used VM, VisM/C, TP, verbal praise, & 
error correction. 
 
Note:  EA = environmental arrangement; Mod= modeling; MM = mand-model; VM = verbal model; 










Definition Interaction Restrictions 
General, controlled 
linguistic input  
 
 
Researcher refrains from using 
target words and treatment 
strategies that would promote 
production of the target words. 
Researcher used nondescript 
words such as “this,” “that,” and 
“things.” 
Absence of the six treatment strategies 
for target words used in the Treatment 
Phase. Occasional use of treatment 
strategies for nontarget words is 





Definition Treatment Procedure 
1.NTS:  
Pick, Present, Play 
        (PPP)a 
Researcher sets up the 
environment to increase the 
child’s desire to communicate. 
Researcher uses Pick, Present, Play 
procedure (3-5 times per session) 
2.NTS:  
Modeling  
    (Mod) a 
Researcher verbally models the 
target word.   
Researcher uses Joint Attention, 
Modeling. Wait, and Respond or 
Repeat sequence. (10-20 times per 
session)   
3.NTS: 
 Mand-Model 
        (MM)a 
Researcher presents the child 
with a choice, question, or 
direction.   
Researcher uses Joint Attention, Mand-
Model. Wait, and Respond or Repeat 
sequence. (10-20 times per session)  
4.SPS:  
Verbal Model 
       (VM)bc 
Researcher gives a verbal model. 
The child is NOT asked to 
imitate her. 
Researcher uses verbal cues, “This is a 
(the word).” 
(10-20 times per session) 
5. SPS:  
Visual Speech 
Model and/or Cue 
(VisM/C)de   
Researcher tells child to look at 
her AND/OR in the mirror while 
the researcher is producing the 
word.  
Researcher uses verbal cues, visual 
speech models and cues such as “Look 
in the mirror” and/or “Look at 
me.”(10-20 times per session) 
6. SPS:  
Tactile Promptfgh  
     (TP) 
Researcher touches the child’s 
face or under the chin to elicit 
specific speech sounds.  
Researcher uses PROMPT cues for 
each sound in each of the target words. 
(10-20 times per session) 
 
Note. NTS = natural teaching strategies; SPS = speech production strategies; PROMPT = Prompts for 
Restructing Oral Muscular Phonetic Targets.  aMeadan, Angell, & Stoner, 2010; bHodson, 2007a, Hodson 
& Prezas, 2010; cKent, 2004; dHodge, 2010; eMarchant, McAuliffe, & Huckabee, 2008; fMcAllister,  






Baseline, Maintenance, and Treatment Fidelity  
Baseline and Maintenance Fidelity 
Participant Baseline Maintenance (One Session) 
Justin 100% 100% 
Mark 100% 100% 
David 100% 100% 













Justin 100% 100% 100% 100% 100% 100% 
Mark  80% 100%  80% 100% 100% N/A 
David 100% 100% 100% 100% 100% 100% 
Avery 100% 100% 100% 100% 100% N/A 
 
Note. Individual fidelity scores for each of the required six treatment strategies were calculated by 
dividing the number of sessions the researcher used the treatment strategy in the prescribed manner  
by the total number of treatment sessions in which fidelity was calculated. Each participant averaged  










Session Data Reliability  
Participant Occurrence of Utterance Scoring the Utterance 
Justin 81% 91% 
Mark 88% 99% 
David 76% 97% 
Avery 85% 95% 
Average 83% 96% 
 
Note. Reliability values were calculated on two features of the session data: (1) occurrence of utterance; 
and (2) use of the 5-point scoring hierarchy. The occurrence of an utterance by each participant was an 
average of agreement between the research assistant and the researcher on the baseline, treatment, and 
one maintenance session. Reliability on the occurrence of an utterance was an average of the values in 





Number of Target Words Produced on the pretreatment and posttreatment CDI 
 





Gain Average Monthly 
Gaina 





25 181 156 26 80% 
Mark 
 
30 118 88 18 78% 
David 
 
19  81 62  9 90% 
Avery 
 
 0 26 26  4 38% 
 
Note: The participants’ pretreatment and posttreatment scores on the CDI indicated that all of the 
participants produced more total words after the treatment study. CDI = MacArthur-Bates CDI.   
a = The gain in number of words from the pretreatment to posttreatment assessment was divided by the 
time period between assessments to arrive at the average monthly gain in words.  
b = The percent of words gained with the same word-initial consonants as in the child’s existing 
consonant repertoire was divided by the total gain in the number of words to arrive at the percent of 






Scores from Parent Survey 
Question Total 
Score 
Mean   
Score 
   
1. Produced more consonants       
2. Produced more words                                                                        
3. Improved ability to imitate consonants and words 
4. Improved ability to communicate 
5. Made more attempts to interact with others 
6. More attentive when playing or talking with 
   other people 
 18  
 19    
 19  
 17   
 15  
 16           
  4.50 
  4.75 
  4.75 
  4.25 
  3.75 
4.00 
   
 
Note. The parent survey consisted of six questions about the goals, procedures, and outcomes of the  
study as they pertained to the participant’s communication and speech production abilities. The parents 
answered questions based on a 5-point scale with a score of 1 being strongly disagree to a score of 5 
being strongly agree. The parents’ scores were summed and averaged for each question. The higher  
the score, the more strongly the parent agreed with the statement. 
 
Table 10 
Frequency and type of strategy used with each participant 
 NTS SPS 
Participant EA Mod MM Ver Vis TP Total 
Justin 24 131 81 157 62 68 523 
Mark 31 173 91 130 80 52 557 
David 30 163 102 118 81 68 562 
Avery 24 187 93 191 131 13 639 
Total 109 654 367 596 354 201 2,281 
 
Note. Frequency and type of treatment strategies used with each participant. The data came from the five 
sessions used for treatment fidelity. The occurrences of the six strategies in each session for each 
participant were summed across the five treatment sessions. The three natural teaching strategies (NTS) 
were environmental arrangement (EA), modeling (Mod), and mand-model (MM). The three speech 





Frequency and type of strategy used in each structured activity 
 NTS SPS 
Activity EA Mod MM Ver Vis TP Total 
Sensory 21 126 81 126 60 22 436 
Gross Motor/ 
Fine Motor 
13 34 33 45 4 12 142 
Book Sharing 29 175 75 185 91 51 606 
Pretend Play 33 170 108 200 82 34 627 
Speech Practice 13 149 70 40 117 82 471 
Total 109 654 367 596 354 201 2,281 
 
Note. Frequency and type of treatment strategies used in each structured activity. The data came 
from the five sessions used for treatment fidelity. The occurrences of the six treatment strategies used 
in each structured activity was summed across the treatment sessions. The three natural teaching strategies 
(NTS) were environmental arrangement (EA), modeling (Mod), and mand-model (MM). The three speech 









Figure 1.  Design overview. The present study consisted of five components: a parent interview, a 
pretreatment assessment, a baseline phase, a treatment phase, and a maintenance phase, which included a 
social validity measure. Develop = developmental; CDI = MacArthur-Bates CDI: Words subtest; CSBS 
DP Infant-Toddler Checklist = Communication and Symbolic Behavior Scales Development Profile 
Infant-Toddler Checklist; MSEL = Mullen Scales of Early Learning; VMPAC = Verbal Motor  
Production Assessment for Children; NLS = natural language sample; NTS = natural teaching  
















Figure 2.  Session data for the four participants. In accordance with a multiple-probe design, the session 
data were transcribed and scored for all of the participants’ spoken productions of the target words per 
session, during the baseline, treatment, and maintenance phases. David, Mark, and Avery all had medical 
events. Mark and Avery discontinued the tactile prompts at Sessions 21 and 20, respectively. TP = tactile 









Figure 3.  Enhanced view of the session data for Mark, David, and Avery. By changing the scale on the y-














Figure 4. Frequency and type of utterance produced by the participants.  The total production scores for 
each participant were further analyzed by spontaneous, imitated, and vocalizations of the target words. 
The striped bars represent the production score for spontaneous words, the solid black bars represent the 
production score for imitated target words, and the gray solid bars represent the production score when 
utterances did not meet the criteria to be an imitated or spontaneous production of a target word (i.e., 
vocalizations). Even though Mark had 2 extra treatment sessions, they were excluded from this data in 
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      Appendix A 
Glossary of Abbreviations 
AAC  augmentative alternative communication  
ABA  applied behavior analysis 
ADOS  Autism Diagnostic Observational Scales 
ASD  Autism Spectrum Disorder 
ASHA  American Speech-Language-Hearing Association 
CARS  Childhood Autism Rating Scale 
CDI  MacArthur-Bates CDI: Words and Gestures 
CSBS DP Communication and Symbolic Behavior Scales Developmental Profile 
CV  consonant-vowel 
CVC  consonant-vowel-consonant 
CVCV  consonant-vowel-consonant-vowel 
DTI  discrete trial intervention 
DTT  Discrete Trial Training 
DTTC   Dynamic Temporal and Tactile Cueing  
IPC  Index of Phonetic Complexity 




MSEL  Mullen Scales of Early Learning 
NDBI  Natural Developmental Behavioral Intervention 
NLS  Natural Language Sample 
NTS  Natural Teaching Strategies 
PE  pressure equalization  
PECS  Picture Exchange Communication System 
PROMPT Prompts for Restructuring Oral Muscular Phonetic Target  
SCD  single case design 
SLP  speech-language pathologist 
SPS  speech production strategies 
TP  tactile prompt 
VC  vowel-consonant 







Original Design of the Intervention Study 
Listed below is the original research design, the changes made to it, and the rationale for those 
changes.  
Research Questions  
Original Questions. (1) Is there a functional relation between a combined 
communication and speech production intervention program and the production of spoken words 
by children with autism spectrum disorder who are minimally verbal?  (2) Will the effects of the 
treatment program generalize to untrained words that contain primarily the same word-initial 
consonant as the target words? 
Changes implemented and rationale. The researcher deleted the second research 
question. There was not enough data to warrant its inclusion (see the following section). 
Dependent Variable.  
Original Design. The production of spoken words would have been measured by three 
sets of words: 8 target words; 8 proximal generalization words (i.e., those words that contained 
word-initial or word-final consonants that were observed in the child’s phonetic repertoire); and 
8 distal generalization words (i.e., those words that contained word-initial or word-final 
consonants that were not observed in the child’s phonetic repertoire).  
Changes implemented and rationale. The production of spoken words was reduced to 




spontaneously produced them because they were not modeled by the researcher. Since there were 
not enough occurrences, they were deleted from the design. 
Measures.  
Original Design. The original research design called for measuring the target and 
generalization words by administration of a probe that contained the three sets of words         
(i.e., 24 words). Photographs representing the target and generalization words were downloaded 
from Google Images (Google, 2015) and compiled in a loose-leaf binder.  The last five minutes 
of each session were devoted to administering the probe, which were presented in one of three 
different random orders.  
Changes implemented and rationale. Measurement of the dependent variable was 
changed from using probe data, which was scored with a 2-point scoring hierarchy, to using 
session data, which was scored with a 5-point scoring hierarchy. Mark, David, and Avery 
appeared to have difficulty sustaining attention long enough to view the 24 pictures, even after 
the book was changed to a card format. Eventually, administration of the picture-book probes 
was discontinued for Mark, David, and Avery.  
Independent Variable. 
 Original Design. The independent variable was the combined intervention incorporating 
communication and speech production strategies. The six strategies were: environmental 
arrangement, model, mand-model, verbal model, visual model or prompt, and tactile prompt. 
 Changes implemented and rationale. The tactile prompts were discontinued for Mark 
and Avery. They did not appear to tolerate the researcher placing her hands on their faces so that 






Sample Consent Form 
UNIVERSITY OF ILLINOIS  
AT  URBANA  –  CHAMPAIGN  
 
 
College of Applied Health Sciences         
Department of Speech and Hearing Science                                               
901 South Sixth Street 
Champaign, IL 61820-6206 
 
Voluntary Informed Consent Letter  
10-22-15 
 
Dear Parent or Guardian:        
 
I would like to include your child in a treatment study designed to improve speech and 
language skills for spoken language.  This study is a dissertation conducted by myself, Maysoon 
Biller, a doctoral student, and my supervisor by Dr. Cynthia J. Johnson, in the Department of 
Speech and Hearing Science at the University of Illinois. I am also an instructor in the 
department of Communication Sciences and Disorders at Western Illinois University. I have 
contacted you about your child because he or she has shown communication patterns similar to 
the type of children described in the study. 
I believe this is an exciting study and that your child will find the activities enjoyable. As 
a former practicing clinician, I have seen children with autism spectrum disorder struggle with 
spoken language.  I would like to do treatment (e.g., Speech Therapy) with your child, using 
specific strategies to promote spoken language. These strategies include: (a) improving joint 
attention; (b) improving the ability to communicate wants and needs; and (C) improving verbal 
imitation of speech sounds and words through the use of visual cues (e.g. looking in a therapy 
mirror) and tactile cues (e.g., light touch under the chin and on the face).  The treatment will be 
provided to you free of charge and your child will receive a small toy reward after each session 
in which he or she participates. 
This study will take place at your child’s school. If your child participates, I would like 
you to fill out 2 questionnaires that ask you about your child’s communication and social skills. 
Additionally, I would like to conduct a parent interview with you to ask you questions about 
your child’s social, medical, and developmental history. I will then see your child at school for 
two, 45-minute testing sessions to determine if your child meets the criteria for inclusion in the 
study.   The criteria is a diagnosis of PDD-NOS or autism spectrum disorder (DSM-IV or DSM-
V) as determined within the last four years by a doctor, clinical team, or educational team, a 




least 24 months, and a receptive language age of at least 15 months as measured by the 
researcher. After I perform the testing, I will go over the test results with you and whether or not 
your child is eligible to participate in the study. 
 
 If your child meets the criteria for being included in the study, he or she will be seen for 
two weeks of regular speech therapy and 10 weeks of speech-language therapy that include the 
aforementioned treatment strategies for a total of 12 weeks. Each session will last 45 minutes. 
Your and your child’s participation is voluntary.  Your child will only be included if he or she 
would like to participate, and you and your child may stop participating at any time. Your 
decision will not affect your relationship with the Macomb School District and special 
educational services in the Macomb School District.  The information I obtain about your child 
will be kept confidential, and kept in a locked file cabinet in my office at Western Illinois 
University. 
Your child will not be identified in anything that is written or presented about this study.  
Results from this study will be presented in professional settings such as publications, 
conferences, workshops, and other educational settings. If you give your permission, video clips 
of your child’s session might be shown in educational presentations.  I believe that the risks to 
you and your child associated with this study are minimal and no more than you would encounter 
in daily life.  
On page 3, please indicate whether you do or do not want to participate or have your 
child participate in this study.  Please return this form to me within one week of receiving this 
letter.  Please keep one form for yourself, and sign one form to send back in your child’s 
backpack. I look forward to working with your child.  
If you have any questions, please feel free to contact me at (309) 298-1955 in the 
Communication Sciences and Disorders Department at Western Illinois University. Dr. Cynthia 
Johnson can be reached at 217/244-2540 in the Department of Speech and Hearing Science at 
UIUC.  You can also reach us by email at: m-biller@wiu.edu or cjj@illinois.edu and. If you have 
questions about your or your child’s rights as a participant in this study or any concerns or 
complains, please contact the University of Illinois Institutional Review Board at 217-333-2670 




Maysoon Biller, M.A., CCC-SLP 
Clinical Instructor, Communication Sciences and Disorders 
Western Illinois University 
309-298-1955 
                                       and 
Doctoral Student 
Department of Speech and Hearing Science, University of Illinois 
479-264-6644 (cell phone) 
 
Cynthia J. Johnson, Ph.D.  217/244-2540 (office) 
Associate Professor 






ADULT’S VOLUNTARY INFORMED CONSENT TO PARTICIPATE 
 
 
Name of Study:  “A Combined Spoken Language Treatment Approach for Children with 
Autism Spectrum Disorder who are Minimally Verbal” 
 
Please sign the two enclosed forms. Please keep one copy for yourself.  Then send the other 
copy to back to school in your child’s back pack within one week. Thank you! 
 
I have read the information in the preceding consent letter.  I do voluntarily ______ do not _____ 
(check one) give permission for my child _________________________ (name of child) and I to 
participate in the study described in the preceding letter and in accordance to the conditions 
stated.  Additionally,  
 
I understand that my child has to be eligible for the study to  Yes __________ 
participate in the treatment sessions, and that my child will   No  __________ 
be assessed first before treatment may begin. 
 
The researcher may audio and video tape the sessions                Yes __________ 
          No ___________ 
 
The researcher has my permission to show video clips       Yes __________ 
of my child’s sessions during educational presentations.                   No __________ 
 
The researcher may look at medical and educational records      Yes __________ 
               No ___________ 
 
The researcher may discuss the results of the study with  Yes __________ 




Name of parent or guardian: _________________________________________ (please print) 
Signature of parent or guardian: ______________________________________    















Adapted from professional use while the researcher was employed in the Russellville School 





Informal Hearing Screening 
 
Name: _____________________   Date: ______________________  








   
 
Left Ear 









Procedure. Different objects in the environment that made noise such as a piece of cellophane, a 
rattle, and a buzzer were used to determine detection of sound at different loudness levels 
(Durkel, 2005). The researcher sat behind the child and made a noise with each item behind the 
child’s right and left side, waiting for the child to turn towards the sound. The child responded to 
each of the three items on the right and left side, for a total of six responses.  The child passed 
the informal hearing screening if he or she turned toward the presented sound on two out of three 








Target Words for the Participants 










Justin      
1. kitty           /kɪti/ + noun /k/ 1 CV-CV 
2. dog            /dɔg/ + noun /d/ 3 CVC 
3. block        /blɑk/ + noun /bl/ 5 CCVC 
4. bowl        /boʊl/ + noun /b/ 3 CVC 
5. towel       /taʊəl/ + noun /t/ 3 CV-CVC 
6. potty         /pɑti/ + noun /p/ 0 CV-CV 
7. hug            /hʌg/ + verb /h/ 3 CVC 
8. wash             / wɑʃ/ + verb /ʃ/ 3 CVC 
Mark      
1. bear            /bɛr/ + noun /b/ 3 CVC 
2. horse        /hɔrs/ + noun /h/ 4 CVCC 
3. deer            /dɪr/ + noun /d/ 1 CVC 
4. hand       /hænd/ + noun /h/ 2 CVCC 
5. nose        /noʊz/ + noun /n/ 3 CVC 
6. couch      /kaʊʧ/ + noun /k/ 3 CVC 
7. sing            /sɪŋ/ + verb /s/ 4 CVC 
8. tickle        /tɪkəl/ + verb /t/ 4 CV-CVC 
David      
1. kitty           /kɪti/ − noun /k/ 1 CV-CV 
2. dog            /dɔg/ + noun /d/ 3 CVC 
3. mouse       /maʊs/ − noun /m/ 3 CVC 
4. eye                        /aɪ/ + noun /aɪ/ 0 V 
5. hand           /hænd/ − noun /h/ 2 CVCC 
6. towel           /taʊəl/ − noun /t/ 3 CV-CVC 
7. dance          /dæns/ − verb /d/ 3 CVCC 
8. walk         /wɔk/ + verb /w/ 4 CVC 
Avery      
1. dog             /dɔg/ + noun /d/ 3 CVC 
2. bus             /bʌs/ + noun /b/ 3 CVC 
3. ball             /bɔl/ + noun /b/ 2 CVC 
4. bubbles /bʌbəlz/ + noun /b/ 5 CV-CVCC 
5. daddy      /dædi/ + noun /d/ 0 CV-CV 
6. mommy /mɑmi/ + noun /m/ 0 CV-CV 
7. go                /go/ + verb /o/ 1 CV 





Sample Treatment Plans 
 















A Day w/ Barney 
Good Night Baby 
Magnetic House 







kitty, dog wash, towel, hug, 
block, dog, 









EA, M, MM 
 
EA, M, MM M, MM EA, M, MM M 
SSP Ver, Vis,  
 
Ver Ver, Vis, TP Ver, Vis,  Vis, TP 
 
 









Mirror (w/ duplo 
train) 
Mr. Potato Head 
 









Dog, mouse, eye, 
hand, towel, dance, 
walk 
eye, hand, dance, 
walk 
kitty, dog, mouse, 
eye, hand, towel 
kitty, dog, mouse, eye 
NTS 
 
M EA, M, MM M, MM EA, M, MM 
SSP Vis, TP Ver Ver, Vis, TP Ver, Vis,  
 
Note: NTS = natural teaching strategies; SPS = speech production strategies;                            
EA = environmental arrangement; M = model; MM = mand-model; Ver = verbal cue;            









Parent Survey  
Based on the 10-week speech and language treatment program that your child has just 
completed, please rate the following items from strongly disagree (score of 1) to strongly agree 
(score of 5). 
         Strongly   Neutral       Strongly   
                  Disagree              Agree 
1. My child is generally producing more consonants         1           2          3          4          5 
since beginning the treatment program. 
 
2. My child is producing more words since            1           2          3          4          5 
 beginning the treatment program. 
 
3. My child’s ability to imitate consonants and words                1           2          3          4          5 
has improved since beginning the treatment program.  
 
4. My child’s ability to communicate has improved        1           2          3          4          5 
since beginning the treatment program.     
            
5. My child attempts to interact with people more             1           2          3          4          5 
since beginning the treatment program. 
 
6. My child appears to be more attentive when people      1           2          3          4          5 
are playing with him or talking to him, since beginning  





Questions for Parent Interview 
1. Do you think the goal of improving your child’s production of words was met? What aspects 
of your child’s speech and language abilities improved (if any) during the treatment 





2. How effective do you think the treatment program was in improving your child’s spoken 
communication (i.e. the procedure of learning new words while using speech-language 





3. What aspects of your child’s speech and language abilities improved or remained the same as 






4. Do you have any additional comments that you would like to make regarding the parent 






Baseline, Treatment, and Maintenance Fidelity Checklist   
 
 






Play-Doh, blocks, books, baby doll, speech practice  
Target Words 
 




 ACTIVITY:  Play-Doh                          Target Words: kitty, dog, block, bowl, towel, potty, hug, wash 
Treatment 
Strategy 
Treatment Procedures performed 
by RESEARCHER 
Prescribed Number  




▪Pick a preferred toy or activity (sets up the environ. to 
increase the child’s desire to comm. about target word) 
Present the toy or activity in an engaging way. 





__ __ __ __ __ 
__ __ __ __ __ 




▪Establishes Joint Attention, Model the word,  
▪Wait 2-3s, and Respond or Repeat the sequence. 




__ __ __ __ __ 
__ __ __ __ __ 





▪Establishes Joint Attention, Presents the child with a 
choice, question, or direction (Mand) 
▪Wait 2-3s, and Respond (verbal Model), or Repeat 





__ __ __ __ __ 
__ __ __ __ __ 





▪ Give verbal model “This is a (the word).”  





__ __ __ __ __ 
__ __ __ __ __ 




Tell child to look at her AND/OR in the mirror while 
the researcher is producing the word.  Use verbal cues, 
visual models & cues “Look in the mirror” or “Look 





__ __ __ __ __ 
__ __ __ __ __ 




Touch the child’s face or under the chin (PROMPT 





__ __ __ __ __ 
__ __ __ __ __ 














ACTIVITY: Blocks                                Target Words: kitty, dog, block, bowl, towel, potty, hug, wash 
Treatment 
Strategy 
Treatment Procedures performed 
by RESEARCHER 
Prescribed Number  
BL,Maint Treat. Actual No. 
1. Environ. 
Arrange. 
       
▪Pick a preferred toy or activity (sets up the environ. to 
increase the child’s desire to comm. about target word) 
Present the toy or activity in an engaging way. 





__ __ __ __ __ 
__ __ __ __ __ 




▪Establishes Joint Attention, Model the word,  
▪Wait 2-3s, and Respond or Repeat the sequence. 




__ __ __ __ __ 
__ __ __ __ __ 




      
▪Establishes Joint Attention, Presents the child with a 
choice, question, or direction (Mand) 
▪Wait 2-3s, and Respond (verbal Model), or Repeat 





__ __ __ __ __ 
__ __ __ __ __ 




       
▪ Give verbal model “This is a (the word).”  





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
5.Visual  
Model  
or Cue   
Tell child to look at her AND/OR in the mirror while 
the researcher is producing the word.  Use visual 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
6.Tactile 
Prompt 
      
Touch the child’s face or under the chin (PROMPT 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
 
 
    ACTIVITY: Books                                Target Words: kitty, dog, block, bowl, towel, potty, hug, wash 
Treatment 
Strategy 
Treatment Procedures performed 
by RESEARCHER 
Prescribed Number  
BL, Main Treat. Actual No. 
1. Environ. 
Arrange. 
       
▪Pick a preferred toy or activity (sets up the environ. to 
increase the child’s desire to comm. about target word) 
Present the toy or activity in an engaging way. 





__ __ __ __ __ 
__ __ __ __ __ 




▪Establishes Joint Attention, Model the word,  
▪Wait 2-3s, and Respond or Repeat the sequence. 




__ __ __ __ __ 
__ __ __ __ __ 




      
▪Establishes Joint Attention, Presents the child with a 
choice, question, or direction (Mand) 
▪Wait 2-3s, and Respond (verbal Model), or Repeat 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ 
4. Verbal  
Model or 
Tact  
       
▪ Give verbal model “This is a (the word).”  





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
5.Visual  
Model  
or Cue   
Tell child to look at her AND/OR in the mirror while 
the researcher is producing the word.  Use visual 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
6.Tactile 
Prompt 
      
Touch the child’s face or under the chin (PROMPT 





__ __ __ __ __ 
__ __ __ __ __ 






ACTIVITY: Baby Doll            Target Words: kitty, dog, block, bowl, towel, potty, hug, wash 
Treatment 
Strategy 
Treatment Procedures performed 
by RESEARCHER 
Prescribed Number  
BL, Main Treat. Actual No. 
1. Environ. 
Arrange. 
       
▪Pick a preferred toy or activity (sets up the environment 
to increase the child’s desire to comm. about target word 
Present the toy or activity in an engaging way. 





__ __ __ __ __ 
__ __ __ __ __ 




▪Establishes Joint Attention, Model the word,  
▪Wait 2-3s, and Respond or Repeat the sequence. 




__ __ __ __ __ 
__ __ __ __ __ 




      
▪Establishes Joint Attention, Presents the child with a 
choice, question, or direction (Mand) 
▪Wait 2-3s, and Respond (verbal Model), or Repeat 





__ __ __ __ __ 
__ __ __ __ __ 




       
▪ Give verbal model “This is a (the word).”  





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
5.Visual  
Model  
or Cue   
Tell child to look at her AND/OR in the mirror while 
the researcher is producing the word.  Use visual 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
6.Tactile 
Prompt 
      
Touch the child’s face or under the chin (PROMPT 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
 
 
ACTIVITY: Speech Mirror                  Target Words:  kitty, dog, block, bowl, towel, potty, hug, wash 
Treatment 
Strategy 
Treatment Procedures performed 
by RESEARCHER 
Prescribed Number  
BL, Main Treat Actual No. 
1. Environ. 
Arrange. 
       
▪Pick a preferred toy or activity (sets up the environ. to 
increase the child’s desire to comm. about target word) 
Present the toy or activity in an engaging way. 





__ __ __ __ __ 
__ __ __ __ __ 




▪Establishes Joint Attention, Model the word,  
▪Wait 2-3s, and Respond or Repeat the sequence. 




__ __ __ __ __ 
__ __ __ __ __ 




      
▪Establishes Joint Attention, Presents the child with a 
choice, question, or direction (Mand) 
▪Wait 2-3s, and Respond (verbal Model), or Repeat 





__ __ __ __ __ 
__ __ __ __ __ 




       
▪ Give verbal model “This is a (the word).”  





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
5.Visual  
Model  
or Cue   
Tell child to look at her AND/OR in the mirror while 
the researcher is producing the word.  Use visual 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
6.Tactile 
Prompt 
      
Touch the child’s face or under the chin (PROMPT 





__ __ __ __ __ 
__ __ __ __ __ 
__ __ __ __ __ 
 
 
